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To His Excellency^ Hon. D. L. Russell, 

Oovernor of North Carolina 

and Chairman of the Geological Board. 

Sir: — I have the honor to transmit as bulletin 13 of the Survey series, 
a preliminary report on some of the clay deposits and the clay industry 
in North Carolina, by Dr. Heinrich Ries. Ttis report is not intended 
as a complete or final discussion of the clay deposits of this State. Their 
examination has thus far been limited mainly to the regions about towns 
and railway stations, where the need for information is greatest; but 
during the next few years it is expected that this work will be ex- 
tended to all portions of the State where there is a probability of dis- 
covering workable deposits of clay or kaolin. 

Meanwhile it is thought best to publish, in response to the calls for 
inmiediate information, this preliminary report, which I regard as an 
important contribution to our series of reports on North Carolina 
resources. I believe it will be well received by the clay workers of the 
State, and hope that it will prove useful to them. 

Yours obediently, 

J. A. Holmes, 

State Geologist, 

Raleigh, N. C, 

July 15, 18«7. 



PREFACE. 



The following investigation of the North Carolina clays was under- 
taken for the purpose of determining (1) the extent, qualities, appli- 
cability of the clays occurring within the State; and (2) whether those 
deposits now being utilized could be used for making other or better 
products than those that are now being manufactured from them, 
by varying the mixtures or by the use of different appliances in the 
manufacture. The field work was carried on during the spring and 
autunm of 1896, and many of the clay deposits (nearly 100) were 
visited. Samples were collected from about seventy beds and sub- 
mitted to chemical and physical investigation. 

The chemical work was carried out in a careful and detailed manner 
by Prof. Chas. Baskerville, of the University of North Carolina. In 
each case the constituents determined were free and combined silica, 
alumina, ferric oxide, lime, magnesia, alkalies, moisture, and water. In 
certain cases determinations were also made of the ferrous oxide, organic 
matter, sulphur, and titanic oxide. Of the high grade clays, such as the 
kaolins, a rational analysis was made in each case. This, though of 
great importance, has rarely been done in this country, although it is 
often carried out abroad. From the rational analysis, as pointed out 
in the report, it is possible to compute the percentage of clay substance, 
quartz, and feldspar in the clay, a fact which is of great practical value 
to the manufacturer, for it gives him an important guide in making up 
the mixture for the body. 

The physical investigations consisted in determining the amount of 
water required to be added to give a workable mass, the shrinkage in 
drying and burning of bricklets made from this mud; the color to which 
the clay bums; the temperatures of incipient fusion, vitrification, and 
viscosity; the cohesion or tensile strength of the air-dried clay, deter- 
mined by making briquettes and pulling them apart in a cement testing 
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machine; the texture of the clay; the slaking in water; and other minor 
physical characteristics. 

The fire tests were carried on in a regenerative gas furnace for tem- 
peratures up to 2500 degrees F., but for temperatures above this a 
Deville furnace was used. 

The results of the work show that North Carolina contains an abun- 
dance of kaolin of superior quality, as well as clays for the manufacture 
of stoneware, pressed brick, sewer pipe, and probably paving brick if a 
mixture of clays is used. 

The presence of good clays for the better grades of structural mate- 
rial is of itself a matter of importance, as at present nearly all such 
wares are brought from other States at considerable cost. While the 
sedimentary " bottom " clays yield smoother and usually better pro- 
ducts than the residual ones, still experiments and practical tests show 
that the product made from the latter is materially improved by the 
proper manipulation. 

Many of the products are easily accessible, being situated either along 
navigable rivers or near the intersection of important lines of traffic. 

As only a portion of the clay deposits has as yet been examined, this 
must be regarded as a preliminary report. It is expected that these 
investigations will be continued until the more promising clay deposits 
in all parts of the State shall have been examined, and a final and more 
elaborate report will then be prepared for publication. 

Acknowledgments are due to the clay workers of the State for the 
imiform courtesy with which they have aided the gathering of informa- 
tion for this report. 

The American Clay-worldng Machinery Co., of Bucyrus, O., The 
Turner, Vaughn and Taylor Co., of Cuyahoga Falls, O., and the 
Director of the New York State Museum have kindly loaned several 
of the illustrations for this report. 

Heinbich Kies. 

May 9, 1807. 



CLAY DEPOSITS AND CLAY INDUSTRY IN NORTH 

CAROLINA. 

By Hbinkich Kies, Ph. D. 



CHAPTER I. 

THE ORIGIN OF CLAY. 

Forming as it does one of the most abundant materials of the sur- 
face of the earth's crust, the enormously extensive application of clay 
is not to be wondered at. It is to be found almost everywhere, but 
varies greatly in form, color, and other chemical and physical char- 
acters. There are two properties, however, which are more or less con- 
stant, and by means of which clay can be generally recognized. These 
are plasticity when wet, so that any form can be given it by pressure; 
and the retention of this form when air-dried. 

Pure clay is composed of the mineral kaolinite, which is a hydrated 
silicate of alumina, and masses of it are called kaolin. It rarely hap- 
pens that kaolin is found in a strictly pure state, for more or less foreign 
mineral matter is usually present, and may form such a large percentage 
of the kaolin as to completely mask the kaolinite. The latter is known 
as the clay substance, the foreign minerals being regarded as imparities. 

Clay may therefore be defined as a mixture of kaolinite with more or 
less quartz and other mineral fragments (hydrates, silicates, etc.) pos- 
sessing usually plasticity when mixed with water, and when subjected 
to a high heat becoming converted into a hard, rock-like mass.* 

Kaolinite, the base of all clays, is not an original mineral of the 
earth's crust, but a secondary one, resulting from the decomposition of 
feldspars, and possibly sometimes from other aluminous minerals. The 
feldspars are a group of silicate minerals of rather complex composition, 
but orthoclase (the common feldspar), which serves as the type of the 
group, is a compound of silica, alumina, and potash, or in other words, 
a double silicate of alumina and potash. 

The change to kaolinite is brought about by weathering agents of 
the atmosphere which are continually at work on the minerals of the 
earth's crust, disintegrating them or converting them into new min- 

> The flin^ clays, though nearly pure kaolinite, possess little or no plasticity. 
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eral compounds. The most active weathering agents are oxygen an! 
carbon dioxide, which by percolating waters are carried into the 
most remote cracks and crevices of the rocks, and attack the various 
mineral coiiipoiinds, simply oxidizing some, decomposing others and 
carrying part of their elements off as carbonates, while siHca may be 
left behind. 

Under the action of these weathering agencies the feldspar is decom- 
posed, the potassium being removed in the form of carbonate, while the 
silica and alumina remain behind, and with water form the hydrated 
silicate of alumina or kaolinite, whose composition is expressed by the 
formula AUOi, 2SiOi, 2HiO; or in the proportions of silica (SiO,) 
46.3;^, alumina (Al.O,) 39.8!(, water (H^O) 13.9;*. 

It sometimes happens that the percentage of alumina in clay is over 
39.8, as in the case of many o£ the Missouri flint-clays, and Wheeler has 
suggested that they may be mixtures of kaolinite and pholerite.' The 
latter is an amorphous variety of the former and contains io% of 
alumina. 

The purity of a clay as formed will depend largely on the nature of 
the parent rock or the associations of the feldspar. This mineral fre- 
quently occurs in large vein-Uke masses, in which case its decomposition 
would yield a bed of nearly pure kaolin, but more frequently it is asso- 
ciated with quartz, or with quartz and mica, etc. When these pegma- 
tite or granite ■veins decompose, the result is a bed of kaolin with par- 
ticles of angular quartz and flakes of mica, etc., scattered through it. 
These inineriil impurities can usually be separated by washing, 

Beds of kaolin occurring in or very close to their place of origin are 
known as residual clays, ajid they may represent the purest as well as 
the most impure forms of clay. The mineral impurities commonly 
found in residual clays are feldspar, quartz, mica, garnet, hornblende, 
augite, rutile, etc. Kesidual clays may form small vein-like masses, 
or be of enormous extent. The kaolins near Webster and Sylva are 
examples of the former, the surface clays around Greensboro of the 
latter. 

In the erosion of the earth's surface the residual clay is washed down 
into the lakes and seas, where it is deposited in the form of a sediment, 
but with the addition of many impurities. 

Clays thus deposited are known as sedimentary clays, ,and are usually 
far more plastic than the residual clays mentioned above. 

The clays of the Cretaceous and Tertiary formations bordering the 
Atlantic coast are all of sedimentary origin. Shales are simply har- 
dened clays, their rock-like character being due to thdr liaving been 
buried more or less deeply under other sediments formed subsequent 
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to them. On grinding them to a powder and mixing them with water, 
they become plastic just like other clays. 

By metamorphism a shale may lose its chemically combined water, 
develop a cleavage, and become converted into a slate. It is then no 
longer possible to develop any plasticity by grinding and mixing with 
water. 

Sedimentary clays may vary widely in their nature, even in the 
same formation and within small areas. This is due to the variations in 
direction and velocity of currents in the bodies of water where they 
were deposited, for the finer clay would only be dropped in quiet water, 
while where currents existed coarse sand only might be deposited. 

Variations in the current at the same point would produce alter- 
nating beds of clay and sand, while similar causes might develop large 
lenses of clay, free from sand or comparatively so, surrounded by coarse 
sand beds. The kaolin deposits of Aiken, South Carolina, and the 
black clays exposed in the bluffs at Prospect Hall, North Carolina, are 
examples of this. 

Sedimentary clays may be either soft or hard. In the latter case 
they are known as shales. Shales, on account of their rock-like con- 
dition, are frequently deceptive, yet when ground and mixed with 
water they possess the same plasticity as soft clay. On account of the 
fusible impurities which they frequently contain, they are found to 
be admirably suited to the manufacture of vitrified wares, but in North 
Carolina no shale deposits have yet been developed which are suitable 
for the manufacture of clay products. 

As clays show all gradations from the purest kaolins to the most 
impure brick clays, it is hard to draw any sharp lines of division be- 
tween the kinds of clay used for one purpose or another, and conse- 
quently no classification is here given. 

As before stated, kaolinite forms the base of all clays, and the rest 
of the clay is composed chiefly of the two minerals quartz and feld- 
spar. The relative proportion of these three can not be calculated 
from the ordinary analysis, but if the amount of residue insoluble 
in sulphuric acid and sodium hydroxide be determined, and this latter 
analyzed for alumina^ potash and soda, it is possible to calculate 
the amount of clay-base, quartz and feldspar present in the clay. This 
determination is of special importance in the case of clays used for the 
manufacture of porcelain, white earthenware, stoneware, tiles, and 
refractory wares. 

The amount of clay-base may vary -svithin wide limits. In a strictly 
pure kaolin it should theoretically be 100,*^, but seldom exceeds 90,^. 
On the other hand, it may get as low as 5 or 10 per cent., and in this 
instance the material would resemble a sand more than clay. The per- 
centage of feldspathic detritus is seldom large. 
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In kaolins of great purity the clay substance consists of kaolinite, but 
in impure clays the term is generally taken to mean the finest clay par- 
tides, viz., those under y^Vff inches diameter. In impure clays the 
clay substance, which may contain both ferric oxide and lime, often 
forms the most plastic portion of the mass. 

In the North Carolina clays the variations in clay substance and free 

sand (quartz and feldspar with some mica) are shown by the following 

extremes: 

Clay substance. 

Washed kaolin, Webster (53) 96.81% 

Bottom clay, Prospect Hall (12) 85.02% 

Crude kaolin. Bosticks Mills (20) 47.14% 

Free sand (quartz and feldspar). 

Black clay, Prospect HaU (12) 15.05% 

Kaolin. Bosticks Mills (20) 52.86% 



CHAPTER II. 

CHEMICAL PKOPEKTIES OF CLAY. 

The properties of clay are of two kinds, (1) cliemieal and (2) phys- 
ical, and the action of clays under heat is not dependent on one class 
of properties alone, but upon both acting together. Two clays may 
correspond closely in chemical composition, but differ in their phys- 
ical properties, and consequently act in a totally different way. 

Pure clay, as previously stated, consists of the mineral kaolinite. 

This is a white, pearly mineral, crystallizing in the monoclinic system, 
the crystals presenting the form of small hexagonal plates. Its specific 
gravity is 2.2 to 2.6, and its hardness is 2 to 2.5. It is naturally white 
in color, and plastic when wet, but very slightly so. A microscopic 
examination shows the plates of kaolinite to be collected in little 
bunches, which if broken apart by grinding increase the plasticity.^ If 
kaolin be formed into briquettes of the same shape as those used in test- 
ing cement, its tensile strength, as determined by pulling these bri- 
quettes apart in a testing machine, is usually 12 to 15 pounds per square 
inch — a very low amount when compared with the tensile strength of 
more plastic clays. Kaolinite is practically infusible, as much so as 
silica or magnesite, but a slight addition of fusible impurities immedi- 
ately lowers its refractiveness. 

IKPUBITIES IN CLAY. 

The impurities in clay are silica, iron oxides, lime, magnesia, potash, 
soda, titanic acid, sulphuric acid, phosphoric acid, manganese oxide and 
organic matter.' They are generally present in the clay in the form of 
oxides, silicates, carbonates, sulphates, phosphates, etc. The minerals 
present in clay containing these impurities may be feldsj>ar, quartz, 
. limonite, mica, garnet, hornblende, augite, calcite, gypsum, talc, etc. 

The impurities in a clay will vary in effectiveness according to the 
quantity present and the combination in which they exist. Thus cal- 
cium or alkalies if present as silicates may sen^e as a most useful flux, 
whereas if the calcium is present as carbonate it may be very injurious. 

The impurities found in clay may be divided into two classes accord- 
ing to their effects: (1) fluxing impurities, and (2) non- fluxing ones. 

* The Clays of Xew Jersey, S. 3. Geol. Survey, 1878. G. H. Cook. 
' All of these impurities are seldom present In the same clay. 
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FLUZINQ IICFURITIES. 

These include alkalies, ferric oxide, lime, magnesia and silica, 
effectireness or fluxing action is in the order given above; therefore, of 
two clays having the same ph3'3ical properties and the same total per- 
centage of fusible impurities, the one might be more fusible than the 
other on account of having a larger proportion of the more active of the 
fluxes in its composition. For some purposes it is desirable as well as 
necessary that the percentage of fluxes should be low, not only for 
reasons of refractiveness, but also to prevent discoloration of the ware, 
as when the clay is used for porcelain manufacture. On the other 
hand, when the clay is to be used for paving brick or sewer-pipe, a high 
percentage of fluxing impurities is desirable in order to produce a vitri- 
fled body. In kaolins the fluxes may be as high as Tj^, provided they 
do not exert a coloring action. Thus some of the most celebrated por- 
celain kaolins have 35;^ of feldspar, which means about 5.5!^ of potash. 
In fire-clay 4 to 5^ is the permissible limit, depending on the physical 
properties. For paving brick and sewer-pipe the total fluxes may nm 
as high as 16^. 

The term fluxing impurities should not be misunderstood. All the 
substances mentioned below as exerting a fluxing action do not become 
effective at the same temperature. Thus quartz is a flux at extremely 
high temperatures, while feldspar acts at a lower temperature, and iron 
or lime at a lower one still. Furthermore the greater the amount of 
feldspar present, the lower the temperature at which the quartz and 
kaoUnite act on each other, for the feldspar when fused seems to play 
the same part that water does in promoting chemical action between 
two subBtancea which when dry do not act upon each other. 



iLKALIES IN CLAT, 

The alkalies present in clays may be of two kinds, viz.: the fixed 
alkalies, potaeb, soda and lithia, aud the volatile alkali, ammonia. 

Ammonia. — This substance is abundant in moist clay, and is ab- 
sorbed by the Utter with great avidity. Indeed, it is responsible to a 
large extent for the characteristic odor of clay.' If the ammonia 
remained in the clay it would act as a strong flux, but it is rendered 
harmless for the simple reason that it passes off as a vapor at a tem- 
perature considerably below dull redness, or may even volatilize with 
the moisture in the day during the early stages of burning. 

The fixed alkalies, votash, soda, and LrrinA, will only vaporize at 
high temperatures, and consequently their effect must be taken into con- 
sideration in all stages of the drying and burning. Lithia is of very 
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I nre occurrence and only apt to Le present in the rare mica, lepidolite; 
pit way therefore be left out of consideration. 

Potaah and soda are present in almost every clay, from a trace up to 
L nine or ten per cent., with an average of one to three per cent. 

The reason for this variation is easily apparent when we consider the 

■ composition of pure clay and its derivation. Kaoliaite, it will be 

■vemembered, contains only silica, alumina and water, whereas orthoelase, 

l.the coramon feldspar, has nearly 17!* of alkalies. The presence in the 

Kelay. therefore, of varying amounts of undecomposed or even partly 

lldtered feldspar would be sufficient to account for the alkalies found in 

tgreater or less quantities in the majority of samples analyzed. Aside 

vifrom the feldspar, the only common rock-forming mineral containing 

■Ikalies in abundance is mica. In a few cases potash or soda may be 

present in the form of soluble salts. We may, therefore, recognize two 

Boiirces of the alkalies, viz., soluble and insoluble compounds. 

I_ SOLUBLE ALKALINE COMPOUNDS. 

\ Soluble alkaline salts are very frequently present in clays, tliough 
f^nerally in very small quantities. They may come from the decom- 
position of feldspar (as in the case of potassium carbonate), or may have 
been introduced by percolating surface waters. In most regions the 

k soluble alkaline compounds are unimportant and hardly worth atten- 
tion; but in areas of little rainfall, where evaporation exceeds precipi- 
tation, they become concentrated near the snrface. These soluble salts 
_ may give the manufacturer considerable trouble. Unless decomposed 
in burning or rendered insoluble in some way, they may form an 
unsightly white coating on the surface of a burned brick or other pro- 
duct. In a similar manner this crust may interfere with the formation 
of a salt glaze by preventing the union of the sodium vapors with the 
silica of the clay, or prevent the glaze adhering to the surface of pottery 
which is glazed before burning. 

Soluble alkaline sulphates are powerful fluxes. They may cause blis- 
tering of the ware if the clay is heated sufficiently high to decompose 
the sulphate and permit the escape of sulphuric acid gases. 

In some clays containing sulphate of iron the latter may be decom- 
posed by chemical reactions taking place in the clay and sulphuric acid 
set free. This acid is apt to attack the alumina of the clay-base, and, 
', potash, soda or ammonia are present, give rise to potash, soda, or 
monia alum, which can frequently be detected by tasting the clay. 



INSOLUBLE I 

I The minerals feldspar and mica forming this class of alkaline salts in 
■ are among the commonest of the rock-forming minerals. The 
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feldspars are silicates of alumma and potash, or alumina, lime and soda, 
Orthoclase is the only speiiies furnishing potash, of which it contains 
about 17i(, while the lime-aoda feldspars have from 4 to 12^ of soda de- 
pending on the species. 

The orthoclase is by far the commonest of the feldspars, and next 
to it in point of abundance come albite and oUgoclase, with about ISif 
and 9^ of soda respectively. Tlie species of feldspara present in a c!ay 
may have some bearing on its refractiveness, for the soda feldspara are 
more fusible than the potash ones. 

The micas are complex silicates of aluraiuium with iron, magnesium, 
and potassium. Muscovite, the commonest species of the group, con- 
tains nearly 12^ of potash and may at times contain a little soda. 

Feldspar is the only serious source of alkalies in clays, however, for 
the mica is not always present in very large amounts. Mica alone is 
extremely refractory, being unaffected at a temperature of 2550° F., 
while feldspar fuses completely at 2300° F.' 

Alkalies, on account of their fluxing properties, especially if in the 
insoluble form as silicates, are frequently of an advantage, as they serve, 
in burning, to bind the particles together in a dense, hard body, and 
permit the ware being burned at a lower temperature. In the manu- 
facture of porcelain, white granite and C. C. ware (cream-colored ware), 
the alkalies for fluxing are added to the body in the form of feldspar, 
provided the kaolin does not already contain a sufficient amount of this 
material. Much feldspar is mined in this country for potters' use, all 
of it being the potash feldspar. 

So far as is known, the alkalies exert no coloring influence on the 
burned ware, although if an excess of feldspar be added to a white 
burning kaolin, the latter may exhibit a yellowish tint when burned. 

In the North Carolina clays the combined alkalies (potash and soda) 
vary from .29^ in clay from Spout Springs to 4,62;^ in brick clay from 
Witkesboro. The average is 1.50 to 2.5;^. The washed kaolins usually 
contain under one per cent. The pottery clays of North Carolina have 
from 0.68 to 2.82^. 

COMPOUNDS OF tBON IN CLAY. 

Aade from being a flux, iron oxide is also the great natural coloring 
agent of clays in both their raw and burned state. The mineral com- 
pounds which may serve as the sources of iron oxides in clays i 
follows : 

BiUeatet: Mica, boraMeade, garnet, etc. 

Ortrffs; Llmonile, hematite, magnetite. ^ 

Bulphidea: Pyrlte, marcaBlte. 

Sulphates.' Uelanterlte. 

Carboiuita: Slderite. 



■G. Vogt. BuU.de I 
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The silicate mineral, mica, is miaaing in very few clays. Of the 
oxides, liraonite and hematite are frequent impurities, and are often 
introduced from the surface by percokting waters, or may result from 
the decomposition of minerala, such as garnet. This fact is noticeable 
in some of the less pure portions of the kaolin beds at Webster, North 
Carolina. The iron oxides color the raw clay various shades of red 
imd yellow. Pyrite is frequently present in clays, especially in many 
stoneware and fire-clays, its yellow, glittcrjug metallic particles being 
easily recognizable. When disseminated through the clay in small 
grains it may be difficult to separate except by careful washing; but 
■when occurring in lumps, populai'ly known as "sulphur balls," it is 
much easier to extract. If the finely disseminated pyrite remained in 
the clay, it would be found after burning that the clay was dotted with 
fused spots of silicate of iron. Many of the first speckled brick so 
extensively used at the present time were made in this manner. 

The pyrite may readily become oxidized to the soluble sulphate of 
iron, which, if present in sufficiently large amounts, imparts an inky 
taste to the clay. Pyrite being such a stroag flux, the addition of 

11^ to 2jf by weight, according to Wipplinger,' may exert a noticeable 
e£Fect in the increase of its fusibility. 
In all the classes of iron compounds mentioned above, the iron is 
J>reseDt in one or two conditions, viz. as a ferrous or ferric saJt; and 
"the fusibility of the clay depentk somewhat on this condition, ferroaa 
Baits being more fusible than ferric salts. In burning any clay the 
ferrous salt will be changed to the ferric salt, provided the action of the 
fire is oxidizing. If the fire exerts a reducing action, the same clay will, 
under these conditions, fuse at a lower temperature. 

I Ferric silicate may be an original mineral impurity of the clay, but 
many ferric compoimds in clays result from the oxidation of ferrous 
CBrbonate or ferrous hydrate in clay which has been introduced in solu- 
tion. The presence of ferric hydrate in clay increases its absorptive 
power for gasea and solutions. On burning, the hydrate ia of course 
oonverted into an oxide. 
If treated to an oxidizing fire, the presence of ferrous salts need not 
therefore be considered, provided the beat is raised high enough to 
oxidize them. The rapidity with which the temperature is raised is 
important, for if the heat is raised too quickly the outer portion of the 
clay may shrink and become dense before the air has had time to 
permeate the clay and oxidize the iron in the centre of the body. This 
the cause of black cores sometimes seen in bricks whose surface ia 
This rapid heating may also bring about a differential shrinkage 
Jtween the interior and exterior of the brick and cause cracking. 
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Unburiicd elays may be yellow, blue, browii, red or gray it 
depending on tbe relative amounts of ferrous and ferric salts present. 

The same variety of shades and colors ia produced in burning. Fer- 
rous oxide (FeO) alone produces a green (.'olor when burned, while 
ferric oxide (FejOa) alone may give a purple, and mixtures of the two 
may produce yellow, cherry-red, violet, blue and black,' a fact which Is 
of the greatest importance to manufacturers of unglazed wares. The 
more intense the heat the deeper the color produced by the iron. 

Seger ' found that combinations of ferric oxide with silli-a produced 
a yellow or red color, while similar compounds of the ferrous salt showed 
blue and green. 

The black coloration by iron produced by hard firing is often to l»e 
seen on breaking open the arch bricks of a brick kiln. The surface of 
these bricks may get black, due to the dust and ashes of the fire sticking 
to it. 

Tbe bleaching of the iron color by the presence of lime is to be seen 
in many calcareous clays, as described under lime. It may sometimes 
happen, however, that a calcareous clay when burned does not become 
buff, but shows a red surface, as if there were no lime present to neu- 
tralize the iron color. 

In such an instance as found by Seger, the core of the brick may 
show the expected buff color. This was brotight about by the sulphuric 
acid vapors from the fuel uniting with the lime of the clay to form 
calcium sulphate, thus preventing its imion M'itb the ferric oxide. 

The percentage of ferric oxide permissible or desirable in a clay 
depends on the quality of the latter. Kaolins, to be used in the manu- 
facture of white ware, should have under ^% ii possible, although many 
with 1.5^ produce excellent results. A greater perceutage might be 
present, provided there was also present three times as nmch lime to 
neutralize its color. 

If a kaolin has enough ferric oxide to produce a faint yellowish tinge 
when burned, by burning it in a reducing atmosphere the color will be 
bluish, and will be far less noticeable. The reduction is accomplished 
by letting less nir int-O the kiln, and the prodnctiou of a smoky fire. 

The North Carolina washed kaolins contain from .28)( to 1,86;<; the 
unwashed. 1.14* to 1.863^: the pottery clays from 2.88* to 5.48*. 

The total range of ferric oxide in the seventy-three samples of North 
Carolina clays which were tested was from .28* to 11.7!)*, with an 
average of 1,5!* to 5^. 

LIME IN CLAYS. 

Lime is a common detrimental or fluxing impurity of most medium 
or low grade clays. It may be present in one of three conditions, viz, : 

' Ktramik. p. SS8. ' IVolljWnll, IBTl. p. Ifl. 
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a. As a silicate, such as in the feldspars. 

b. As a simple carbonate, limestone or calcite, or in the form of a 
double carbonate, as dolomite. 

c. As a sulphate, such as gypsum. 

The first two of these are primary mineral constituents of the clay, 
the third is of secondary origin and results from chemical action taking 
place in the clay. 

The presence of lime as a silicate in clay is probably the form in 
which it usually occurs, especially if the clay has been derived wholly 
or in part from a region of feldspathic rocks. The common feldspar, 
orthoclase, contains no lime, so that it probably comes from the lime- 
soda feldspars. There are other silicates containing lime, but their pres- 
ence is usually more difficult to prove with certainty. 

When present as a silicate, lime acts as a flux, but it is less liable to 
exert a decolorizing action on the clay, by the formation of a double 
silicate of iron and lime, except at higher temperatures. 

Calcium carbonate is very common in clays which have been derived 
in part from limestone areas, or it may result from the decomposition 
of lime-bearing feldspars. Its presence may be usually determined by 
treating the clay with muriatic acid, which produces effervescence if 
more than 4 or 5^ of calcium carbonate is present. 

Lime if present in the form of lumps or pebbles is very injurious, 
and should be removed by screening or washing. Finely divided lime 
though, if not present in too large amounts, may be harmless. Clays 
with 20 to 25;^ of calcium carbonate may be used for common or even 
pressed bricks, and also for earthenware. In the latter case the same 
clay can often be utilized for glazing the pottery, requiring only the 
addition of some fluxes. 

EFFECT ON THE BRICK OF CALCIUM CARBONATE IN CLAY. 

When occurring as carbonate in clay, lime becomes far more injuri- 
ous. If the clay is underbumed, the calcium carbonate will be simply 
broken up into carbon dioxide and lime. The former escapes, but the 
lime, on the cooling of the brick, slakes, that is to say, it absorbs water 
from the air, and swells, thus frequently bursting the brick. 

If, however, the clay is thoroughly burned, the calcium carbonate 
after being decomposed unites with any free silicate that may be 
present and forms silicate of lime or probably also silicate of lime and 
alumina. If iron oxide is present, the lime takes it also into combina- 
tion and thereby destroys its coloring action, giving a buff product 
instead of a red one, as would be the case if the iron oxide remained 
free. It should also be stated, however, that a low percentage of iron 
oxide in the clay without the presence of lime will also give a buff- 
colored ware. This is the case with many stoneware clays. 
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In high-grade clays large amoimts of lime do not have to be consid- 
ered, for such materials cannot be used, but in the manufacture of build- 
ing brick, or pressed brick, terra-cotta, etc., it is frequently necessary to 
nse a clay containing large percentages of lime, either from necessity or 
to obtain a cream-colored ware. It therefore becomes a matter of 
importance to know how much lime is permissible in a elay for thia pur- 
pose. In general, it may be said that a good brick can be made from a 
clay containing 20 to 25'^ of calcium carbonate, provided it is evenly 
distributed through the clay and in as finely a divided state as possible. 

Some elaya contain lime in angular fragments or pebbles, which can 
be frequently removed by screening. 

Aside from lowering tlie fusibility of a clay to a marked extent, lime 
also exerts a powerful effect on its shrinkage. 

Seger' found that calcareous or marly clays required usually only 
20 to 20 of water to convert them from a dry condition into a workable 
paste, whereas other clays needed 2S to 35;? of water to accomplish the 
same change. I'urthermore, as calcareous clays lost not only combined 
water but also carbon dioxide in burning, the bricks were the more 
apt to be light and porous, and thia increased with the amount of lime 
present. They also shrink much less than other clays up to the pointo 
of incipient fusion. This low shrinkage may become zero, and the 
brick swell instead of shrinking. He also found that the difference 
between the points of incipient fusion and viscosity was so small that 
it was extremely difficult to bring a kiln of bricks made from calcareoua 
clay to vitrification without melting a large number, 

Seger claims that the presence of eaicium carbuiiati? and ferric oxide 
in the proportions of 3:1 is sufSeient to produce a buff color. 

Many clays contain calcium in the form of gypsum, the hydrated 
calcium sulphate. It generally originates from the action on calcium 
carbonate by sulphuric acid obtained by the oxidation and leaching of 
pyrite in the clay. Gypsum frequently discloses its presence by the 
formation in the clay of crystals or masses of its transparent variety, 
eelenite. It also not uncommonly occurs in masses of parallel fi.brea 
filling cracks or cavities in the clay. 

It serves as a Q\\x, but may do considerable damage in burning bj 
its disintegration, the sulphuric acid thus set free causing in its escape 
blbtera on the surface of the wares. 

There is another method by which lime may be introduced into clay, 
and that is absorption. This may occur when a clay deposit rests on 
a limestone or marl formation, and the lime being taken into solution 
by the percolating waters is soaked up by the clay. In this event the 
lower layers of the elay would be more calcareous than the upper ones. 
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Few of the North Carolina clays are very calcareous. Oat of the 
seventy- three samples examined the lime varied from .1^ in the clay 
at Prospect Hall to 2.55^ in Kirkpatriek's clay at Greensboro. This 
latter is eseeptionally high, for most of the North Carolina clays t-ootain 
under If. 

Its action, therefore, in all of the samples tested amounts to very 

I little. 
I Marly clays are known to occur in the coastai plain formation near 
Sie coast, but none of these have been tested. 
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jrs in clays in the same quantity as lime; in fact. 
In the North Carolina clays, however, of which • 
I it seldom exceeds .75^, and is generally present 



! classes of compounds as 



Magnesia rarely occ 
it rarely exceeds 2^. 
samples were examine' 
in about the same quantity as the lime. 

Magnesia may be derived from the same 
lime, viz, sihcatcs, carbonates and sulphates. 

The silicates are probably by far the most abundant form of its occur- 
rence in clay and are represented by the minerals mica, chlorite, and 
hornblende (all scaly minerals) containing respectively 20-25;(, 15-25;f, 
and 15^ of magnesia. The mica scales may be prominent in many 
clays, and chlorite scales, if very abundant, might even tend to color 
the clay green. Hornblende is mostly present in clays derived from 
rocks of a very basic composition (that is, with a low silica percentage), 
and the same may be said of pyroxene, ■which, however, is less common 
than the hornblende. 

Dolomite, the double calcium-magnesium carbonate, has been men- 
tioned under the description of lime (p. 31). 

Magnesium sulphate, or epsom salts, occurs sparingly in clays. It 
is mostly to be found in. those clays where sulphuric acid, set free by 
the decomposition of pyrite, has attacked magnesium carbonates. The 
presence of magnesium sulphate can frequently be detected by the 
bitter taste which it imparts to the clay. 

As far as the effects of magnesia are concerned with the chemical 
properties of clay, they are probably the same as lime. This, however, 
can only he stated with a reasonable amount of certainty, for magnesia 

generally present in such small amounts that its actual effect cannot 

detected. 

jsos-YLVxaia tmsttbitieb. 
I These include silica, titanic oxide, organic matter, and water. Both 
picB and titanic oxide at high temperatures are fluxes. 
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Chemical analysis distiiiguishee two classes of ailica, viz. (1) that c 
bined with aluminium in kaolinite, and (2) sand. The latter includes 
quartz, and silica in combinations with various bases as in feldspar and 
mica (excludiug kaolinite). The two kinds of silica included in this 
second class are insoluble in sulphuric acid and sodium hydroxide. H 
this residue he further analyzed, it is possible to calculate the amount of 
sihcfl present as quartz and that contained in the clay in the form of 
feldspar or mica. This is frequently an important matter, for the con- 
dition of the silica may influence the fusibility of the clay to a marked 
degree. 

free silica or quartz is present in all clays in variable amounts. 
Cook ' found a minimum of 0.2 of one per cent,, and gives 5;^ as the 
average in the AVoodbridge fire-clays. Wheeler' gives the minimum as 
0.5 of one per cent in the flint clays, and the sand as 20 to 43* in the 
St. Louis fire-clay^, and 20 to 50^ in the Loess clays. 

Twenty-seven samples of Alabama clays contained from 5 to 50* of 
insoluble residue, mostly quartz.' 

Seventy North Carolina clays had from 15.05 to 70,43;^ insoluble 
residue; while of three samples of which a rational analysis was run 
the percentage of sand was from 24.55 to 56.58^, and the quartz per- 
centage in these ran from 16.58 to 49. 06;^, and the feldspathic detritus 
from 7.52 to 16.05;^. 

Free silica ia considered by Bischof to exert a fluxing action at high 
temperatures, that is, over 2800° F. 

The most important effects of free silica and sand are directed towards 
the physical properties of clay. They lessen the plasticity, diminish 
the tensile strength and also the shrinkage. If sihca is present in ex- 
cess and in grains of large size, it may cause the clay to expand in 
burning. Quartz in fine grains lessens the shrinkage lees than when 
present in large ones. 

TITANIUM IN CLAYS. 

Titanium is probably of widespread occurrence in clay, though never 
present in great quantity; it may be derived from rutile (TiOj) or 
ilmenite ftitaniferous iron ore). It was formerly looked upon as a 
rare element and a non-detrimental impurity, but this idea of its rarity 
has resulted from the fact that it is usually overlooked in chemical 
analyses. According to Seger, it is often present in clay slates and 
bauxites. Its effect on the refractiveness of a clay has always 
misunderstood, although its action was considered similar to atlicka 
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Although the determination of titanium in clay requires no difficult 
methods, it has, as a rule, not been determined in the chemical analyses 
of clay except when specially desired. 

In order to determine definitely what the effect of titanium was, 
Seger and Cramer' took a sample of Zettlitz kaolin (which has 98.5j< 
of clay substance) and mixed two samples of it with respectively 6^ and 
10^ of silica, and two other samples of the kaolin with respectively 6.65;< 
and 13.3^ of titanic oxide. These samples were molded into pyramids, 
which were heated to a temperature above the fusing point of wrought 
iron with the following results: 

1. Pure Zettlitz kaolin burned to a white, 8hai*p-edged, dense body. 

2. 100 pts. kaolin and 10% silica burned white. 

3. " " " " 6% " " 

4. " " " " 6.65% titanic oxide softened in heating and showed a 

blue fracture. 
18.8% titanic acid fused to a deep blue enamel. 
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It will therefore be seen that titanium acts as a flux at lower tem- 
peratures than silica, and calls to mind the fact that the blue color 
given to some stoneware clays by hard firing may not be due always to 
iron oxide. 

OROANIC MATTER IN CLAYS. 

This is commonly noticed in many clays by the black color which it 
imparts to them, but the clay may also be colored brown or blue from 
the same cause. 

The organic matter generally consists of finely divided pieces of plant 
tissue, or large pieces of stems and leaves, which settled in the clay 
during its deposition. All surface clays contain plant roots in their 
upper layers, but these do not always exert a coloring effect. 

Clays colored by organic matter, and containing no iron, bum white 
as the plant tissue bums off at a bright redness, but if such a clay is 
heated too quickly the surface of the piece becomes dense before all of 
the organic matter has had time to escape from the interior, and the 
latter remains dark colored. The presence of iron may be masked by 
organic matter, so that the clay burns red, as is the case with the clays 
from Prospect Hali, on the Cape Fear river. Organic matter is sel- 
dom determined separately in chemical analysis, but its quantity may 
often be judged approximately from the relation between loss on igni- 
tion and alumina. 

Organic matter exercises the important property of increasing the 
plasticity, but all clays having organic matter are not necessarily piastre, 
for the presence of much sand may render such a clay very lean, like 
the Prospect Hall clays. 

» Oes, Schr,, p. 411. 
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Iti the weathering of clays, organic material, by its oxidation 
consequent evolution o£ carbonic acid, helps to break up the clay. 
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The water in clay is of two kinds : 

1. Hygroscopic water or moiature. 

2. Chemically combined water. 
MoisTDEE. — This may be as low as .6^ in air-dried clays or reach 

30^0;^ in those freshly taken from the bank. In the air-dried speci- 
mens of the North Carolina clays it ranged from .08j< to 3.07;< in the 
kaolins, ,45!^ to 4.50;^ in the sedimentary clays, and .95% to 1.90)< in the 
residual brick clays. 

Air-drying expels moat of the moiature in a clay, and this is accom- 
panied by a shrinkage which, in 70 samples tested from North Carolina, 
ranged from 2jf to 13.3;*. Sandy, coarse-grained clays usually show the 
least shrinkage, but some of the fine-grained ones may act in a similar 
manner. The amount of water which a dry clay needs in order to 
develop an easily worked paste varies from 12)^-20^ in lean ones and 
25iW5;^ for fat clays. The samples of North Carolina clays tested 
required from IQ^-iOjl. The more water that a clay absorbs the more 
it has to part with in drying and the greater will be the shrinkage. If 
the clay is fine-grained, rapid drying may cause it to split from the 
active disengagement of steam. 

In the manufacture of clay products the moiature is expelled by 
exposing the ware to the sun or drying it in heated tunnels. The last 
portions of moisture are driven off in the early stages of burning, 
known as water smoking, during which time abundant white vapors 
can be seen issuing from the kiln. 

Combined watee is present in every clay. In pure kaolin there ia 
nearly 14^ of it. In other clays the percentage varies with the amount 
of clay-base and hydrates present. In the North Carolina clays the 
loss on ignition (which practically amounted to combined water, those 
containing oi^anic matter being left out) varied from 4.04;* to 13.40j( in 
the washed kaolins, 5,98;* to 9.00;* in the residual clays, and 4.17)* to 
11.08^ in the sedimentary ones. 

Combined water is driven off at a low red heat, and when this takea 
place the clay begins to suffer an additional loss in volume or shrinkage. 

It ia a curious fact that while the amount of combined water does not 
seem to stand in any close relation to the plasticity of a clay, neverthe- 
less, when once driven off, the clay can no longer be rendered plastic 
by the addition of water. The fire shrinkage in the North Carolina 
clays varied from 2^12%. 
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METHODS EMPLOYED IN MAKINa CLAY ANALYSES. 

The following brief statement of the methods employed in making 
the analyses of clays for this report has been prepared by Dr. Charles 
Baskerville, by whom the analyaeg were made: 

Moisture. — Two grams are heated in a platinum crucible at 100° C. 
until they show a constant weight. The loss ia reported as moisture. 

Loss on Ignition (combined water, and sometimes organic matter, 
etc.). — The crucible and clay are heated with a blast lamp until there 
is no further loss in weight. 

Alkalies. — Tliia same portion of clay, which has been used for de- 
termining moisture and loss, is treated with concentrated sulphuric and 
hydrofluoric acids mitil it is completely decomposed. The acids are evap- 
orated off by heating upon the sand-bath. The cooled crucible ia washed 
out with boiling water to which several drops of hydroehloric acid have 
been added. The solution after being made up to about five hundred 
cubic centimetres is boiled, one-half gram ammonium oxalate added and 
made alkaline with ammonium hydroxide; the boiling is continued until 
but a faint odor of ammonia remains. The precipitate is allowed to 
settle and is separated from the liquid by filtering and washed three 
times with boiling water. The filtrate is evaporated to dryness and 
ignited to drive ofi^ ammonium salts. The residue is treated with five 
cubic centimetres of boiling water, two or three cubic centimetres of 
Bsturated ammonium carbonate solution are added and the whole is 
filtered into a weighed crucible or dish. The precipitate is washed 
three or four times with boiling water and the filtrate evaporated to 
dryness. Five drops of sulphuric acid are added to the residue and 
then the crucible or dish is brought to a red heat, cooled in a desiccator, 
and the alkalies are weighed as sulphates. 

To separate the alkalies, the sulphates are dissolved in hot water, 
.acidified with hydrochloric acid, sufficient platinum chloride added to 
convert both the sodium and potassium salts into double chlorides; the 
liquid is evaporated to a syrup upon a water-bath, eighty per cent. 
alcohol added, and filtered through a Gooch crucible or upon a tared 
filter paper. The precipitate is thoroughly washed with eighty per 
cent, alcohol, dried at 100° C. and weighed; the potassium oxide is cal- 
eolated from the double chloride of potassium and platinum. 

When magnesium was present to as much as one-half of one per cent. 
tiie magnesium hydroxide was precipitated with barium hydroxide solu- 
tion, and the barium in turn removed by ammonium carbonate. When 
the amount of magnesium was less than the amount named, this por- 
,tion of the ordinary process was not regarded as necessary. 

8iUra. — Two grams of clay are mixed with ten grams of sodium car- 
it6 and one-half gram of potBBsium nitrate and brought to a calm 
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fusion iu a platinum crucible over the blast lamp. The melt reiaoTed 
from the crucible m treated witli an excess of hydrocliloric acid and 
evaporated in a casserole to dryness upon a water-bath, and heated in 
an air-bath at 110° C. until all the hydrochloric acid is driven ofi. 
Dilute hydrochloric acid ia added to the casserole uow, and the solution 
brought to boiling and rapidly filtered. The silica is washed thor- 
oughly with boiling water and then ignited in a platinum crucible, 
weighed, and moistened with concentrated sulphuric acid. Hydro- 
fluoric acid is cautiously added until all the silica has disappeared. The 
solution is evaporated to dryness upon a sand-bath, ignited and weighed. 
The difference in weight is silica. 

Iron Sesquioxide. — The filtrate from the silica is divided into equal 
portions. To one portion in a reducing flask ia added metallic zinc and 
sulphuric acid. After reduction and filtration to free the liquid from 
undissolved zinc and carbon, the iron is determined by titration with a 
standard solution of potassium permanganate. 

Aluminiutn Oxide.- — -To the second portion, which must be brought 
to boiling, ammonium hydroxide is added iu slight excess, the boiling 
continued from two to five minutes, tlie precipitate allowed to settle 
and then caught upon the filter, all the chlorides being washed out with 
boiling water. The precipitate is ignited and weighed as a mixture of 
aluminium oxide and iron sesquioxide. The amount of iron sesqui- 
oxidc already found is taken from this and the remainder reported as 
alumina. 

Calcium Oxide.— The filtrate from the precipitate of iron and alum- 
inium hydroxides is concentrated to about two hundred cubic centi- 
metres, and the calcium precipitated in a hot solution by adding one 
gram of ammonium oxalate. The precipitate is allowed to settle dur- 
ing twelve hours, filtered and washed with hot wattjr, ignited and 
weighed as calcium oxide. When the calcium is present in notable 
amounts, the oxide is converted into the sulphate and weighed as such. 

Magnesium Oxide. — The filtrate from the calcium oxalate precipi- 
tate is concentrated to about one hundred cubic centimetres, cooled and 
the magnesium precipitated by means of hydrogen diaodiura phosphate 
in a strongly alkaline solution, made so by adding ten cubic centimetres 
of ammonium hydroxide (0.90 sp. gr.). The magnesium ammonium 
phosphate, after .standing over night, is caught upon an ashless filter, 
washed with water containing at least five per cent, ammonium hydrox- 
ide, burned and weighed as magnesium pyrophosphate. 

The insoluble residue is determined by digesting two grams of clay 
with twenty cubic centimetres of dilute sulphuric acid for six or eight 
hours on a aand-bath, the excess of acid being finally driven off. One 
cubic centimetre of concentrated hydrochloric acid is now added audi 
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boiling water. The insoluble poi-riou is filtered off, and after being 
thoroughly washed with boiling water is digested in fifteen cubic cen- 
timetres of boiling sodium hydroxide of ten per cent, atreiigth. Twentj-- 
five cubic centimetres of hot water are added and the aolntion filtered 
through the same filter paper, the residue being washed five or six 
times with boiling water. The residue is now treated with hydro- 
chloric acid iu the same manner and washed upon the filter paper, and 
free from hydrochloric acid, is burned and weighed as insoluble residue. 

A portion of thia is treated as the original clay for silica, aluminium 
oxide, and iron oxide. Another portion ia used for the determination 
of the alkalies iu the insoluble residue. 

Tilanic OarVtie.— One-half gram clay is fused with five grams potas- 
sium bisulphate and one gram sodium fluoride in a spacious platinum 
cnicible. The melt is dissolved in five per cent, sulphuric acid. Hy- 
drogen dioxide is added to an aliquot' part and the tint compared with 
that obtained from a standard solution of titanium sulphate. 

Sulphur (total present).- — The sidphur is determined by fusing one- 
half gram of clay with a mixture of sodium carbonate, five parts, and 
potassium nitrate, one part. The melt is brought into solution with 
hydrochloric acid. The siHca is separated by evaporation, heating 
resolution, and subsequent filtration. Hydrochloric acid is added to the 
filtrate to at least five per cent, and the sulphuric acid is precipitated by 
adding barium chloride in sufficient excess, all solutions Iwing boiling 
hot. The barium sulphate is filtered oil and washed with hot water, 
biirned and weighed as such. 

Ferrous Oxide is determined by fusing one-half gram clay with five 
grams sodium carbonate, the clay being well covered with the car- 
bonate, the top being upon the crucible. The melt is dissolved in a 
ixture of dilute hydrochloric and sulphuric acids in an atmosphere 

carbon dio.'iide. The ferrous iron ia determined at once by titration 
"with a standard potassium permanganate solution. 

The rational analysis is made from the results obtained by the chem- 
ical analysis in the following way: The alumina found in the portion 
insoluble in sulphuric acid and sodium hydroxide is multiplied by 
3.51, This factor has been found to represent the average ratio be- 
tween ahnnina and silica iu orthoclaae feldspar; therefore the product 
just obtained would represent the amount of silica that would be present 
in undecomposed feldspar. The sum of this silica with the aluniiua, 
ferric oxide and alkalies equals the " feldspathic detritus." The dif- 
ference between silica as calculated for feldspar and the total silica in 
insoluble portion represents the '* quartz " or " free sand." The 

ference between that portion of the sample insoluble in sulphuric 
and sodium hydroxide and the total represents the "clay sub- 
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stance." The method of aualjais used to detenuine the niiiieralogical 
character of the clay is called the rational method, and when carried 
ont in its simplest form, determines the amount of elay substance or 
kaolinite, quartz, and feldspar present in the clay. If carried out more 
completely it enables us to calculate the amount of calcite or limestone 
(calcium carbonate), iron oxide and even mica in the clay, 

THE KATIONAI. ANAI.TSIS OF CLAT. 

In the ordinary or ultimate quaJititative analysis of clay the latter 
is regarded as being composed of a given number of elements or oxides 
of them, in given amoimts, but gives no clue as to the condition in 
which these substances exist, viz., whether they are present as oxides, 
silicates, carbonates, etc., a point which it is often of the greatest im- 
portance to know. Thus, as pointed out under calcium (Chemical Prop- 
erties of Clay), if this substance is present as a carbonate it may be 
extremely injurious, but if combined with silica in the form of feld- 
spar it is beneficial, sert-ing as a binding material (p. 21). Or, again, 
the ultimate analysis does not point out the condition of the silica, 
whether present as quartz (serving to lessen the shrinkage) or as a con- 
stituent of feldspar (serving as a flux). A high percentage of total 
silica in an ultimate analysis may be caused by an excess of feldspar 
and not always by quartz. 

The inferences which may be drawn from the ultimate analysis of a 
clay are: 

1. It may be said in general that the greater the amount of ferric 
oxide in a clay the deeper red it will bum at any given temperature. 
Small percentages of ferric oxide will only color the clay yellow. 

2. We can see from the ultimate analysis whether there is sufficient 
lime present to counteract the effect of the ferric oxide. 

3. It is possible to gain an approximate idea of the fusibility of tlie 
clay from the total fluxes present, and also to see whether it ia the 
weaker or more pon.verful fluxes that are present. 

4. A very high silica percentage generally indicates a sandy clay. 

5. Clays high in ahunina and combined water as a rule shrink con- 
siderably in burning. 

There are, however, many physical properties which the ultimate 
analysis does not ejqjlain, because they are dependent largely on the 
mineralogical composition. 

It frequently happens that two clays show very close chemical com- 
position, but act entirely unlike, and the explanation is almost self- 
evident, viz., that the elements present in both claya are differently 
combined. 

The following table of analyses illustrates this, viz. : 
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1. That clays with the same ultimate corapositioii may show a dif- 
ferent rational composition (see analyses a and b below). 

2. That clays may agree in both their ultimate and rational analysis 
(see b and c below), but this is not very frequent: 

a. b. c. 

Silica 47.60 46.61 46.82 

Alumina 34.00 36.47 38.49 

Ferric oxide 1.30 2.81 1.09 

Lime trace .14 

Magnesia .50 trace 

Alkalies 3.00 1.44 1.40 

Loss on ignition 13.60 12.80 12.86 

Total 100.00 100.17 100.06 

Clay substance 88.34 96.08 96.55 

Quartz 8.95 1.93 2.30 

Feldspar .-. 2.73 1.99 1.15 

100.02 100.00 100.00 

The practical bearing of the rational analysis has thus far been 
chiefly for those branches of the clay-working industry using mostly 
materials of considerable purity, as in the manufacture of porcelain, 
white earthenware, fire-bricks, glasspots and encaustic tiles; and its 
importance lies in the fact that two bodies having the same rational 
composition will usually act pretty much alike. That is to say, that 
other things being equal, they will, for instance, usually have the same 
shrinkage in burning. 

In the manufacture of porcelain the body generally consists of a mix- 
ture of kaolin, quartz and feldspar. Suppose that the mixture has 60 
parts of feldspar and 200 parts of kaolin, the latter having the rational 
composition of the Wests Mill, N. C, material, viz. : 

Clay substance, 83.39; quartz, 14.98; feldspar, 1.58. 

This would give us a mixture with rational composition of: 

Clay substance, 60.32; quartz, 11.40; feldspar, 24.30. 

If now for the Wests Mill kaolin we desired to substitute that from 
near Bostick having: 

Clay substance, 54.30; quartz, 43.85; feldspar, 1.82, 

and used the same amount as we did of the Wasts Mills material, we 
should get a mixture having: 

Clay substance, 41.77; quartz, 33.31; feldspar, 20.30. 
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This mixture having less feldspar and clay substance, but more 
quartz, would probably show less plasticity and less shrinkage. Know- 
ing, however, the rational composition of the Boetick kaolin, it is per- 
fectly easy to add it in such proportions as will keep our mixture of the 
same composition. 

In the manufacture of tiles, where one clay body is pressed on to 
another, it is highly essential that the two should have the same shrink- 
age to prevent cracking during the burning and cooling. 

Experiments tend to show that if the two bodies have the same 
rational composition their shrinkages will be about the same, provided 
there is not much difference in the coarseness of their grain. In porce- 
lain and white earthenware manufacture the clays are ground so fine 
that this point does not come into consideration. 

A rational analvsis has been made of all the North Carolina kaolins 
tested, and in the other olavs the insoluble residue (quartz and feldspar 
combined) was determined." 



CHAPTER III. 

PHYSICAL PROPERTIES OF CLAY. 

These are fully as important as the chemical ones, and sometimes 
more so. In Germany the labors of Seger, Bischof, Olschewsky and 
others have brought forth the significance which the physical properties 
of clays have, and in this country the work of Orton and Wheeler has 
corroborated them in many details. 

Chemical analysis alone cannot be used as a basis of comparison, but 
the physical characters must also be taken into consideration 

While the list of physical properties may be made of considerable 
length, there are a number which are of special importance and will 
be considered herewith. These are plasticity, fusibility, shrinkage, ten- 
sile strength, slaking, absorption, density. 

PLASTICITY IN CLAYS. 

This is one of the most important properties of clays, for it permits 
their being molded into any desired form, which they subsequently 
retain. 

Plasticity in clays is exceedingly variable. Those possessing little 
plasticity are called " lean," while those which are highly plastic are 
known as " fat " clays. 

The cause of plasticity was for a long time supposed to be directly 
connected with the hydrated silicate of alumina, or kaolinite, and clays 
high in kaolinite were said to be very plastic and vice versa. This is 
plainly not so, as any series of clays tested will demonstrate. 

Pure or nearly pure kaolins are very lean, while clays low in alumina 
may be highly plastic. This may be shown by a few examples drawn 
from the North Carolina clays tested, mentioning first that the tensile 
strength of a clay (as will be explained later) is closely related to itB 
plasticity. 

The examples to illustrate this point are as follows: 

Tensile strength in 
Per cent, of pou nds per sq. in. 

Alumina. Average. Maximum. 

Lower clay, Roanoke Rapids (3) 16.00 206 218 

Washed kaolin (53) 40.61 20 22 

Clay, Spout Springs (17) 32.51 24 29 

Prof. G. H. Cook * considered that plasticity was due to a plate struc- 
» • 

* N. J. Oeol. Survey, Kept, on Clays, 1878. 
3 
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ture present in the clay, the plates sliding over each other and thus 
permitting mobility of the mass without cracking. As kaolinite is prac- 
tically the only plate-like mineral omnipresent in the clay, the simple 
plate theory does not seem entirely sufficient. 

Olschewsky ' was probably the first to suggest that the plasticity and 
cohesion of a clay were dependent on the interlocking of the clay par- 
ticles and kaolinite plates, and in this connection used the briquette 
method of testing the plasticity or rather obtaining a numerical expres- 
sion for it, by determining the tensile strength of the air-dried clay. 

The more recent experiments of W. Aleksiejew and P. A. Cremiats- 
chenski on the Russian clays' show that plasticity is not only due to 
the interlocking of the clay particles, but also varies with the fineness 
of the grain, the extreme coarse and fine ones both having less plas- 
ticity. 

In this country Wheeler's work on the Missouri clays has substan- 
tiated these views.' 

Experiments by the writer on the Alabama clays* corroborate these 
results still further, and the tests of the North Carolina ones also point 
in the same direction. The clays southeast of Spout Springs, for ex- 
ample, which are very fine-grained, plainly show the lessening effect 
on the tensile strength. 

AVhether, however, the greatest tensile strength depends on the pres- 
ence of particles of certain size, or a mixture of different sizes, and, if 
so, within what limits these sizes must be, is still to be determined. 

Plasticity, whatever may be its exact cause, is an important property 
from a commercial standpoint, for it facilitates the molding or burning 
of the wares without cracking. 

The amount of water required to develop the maximum plasticity 
varies. If too little is added, the clay cracks in molding and is stiff and 
hard to work. If too much water is used, the paste becomes soft and 
retains its shape with difficulty. Lean clays usually require less water 
to produce a workable paste than fat ones. 

TENSILE STBENGTH OF CLAYS. 

To state that the plasticity of a clay is lean, fair, good, or high is 
necessarily only approximate and unsatisfactory, and a method by which 
the degree of plasticity can be oxprci^sod accurately is much to be pre- 
ferred. 

Various methods for testing the plasticity of a clay have been devised, 
but as most of them are practically useless, if for no other reason than 

» Tttpf. w. Zieir.. 1882, No. 29. 

' Zap. imp. ruBsk. techn. obschtsch., 189fi, XXX, pt. 6-7. 

• Mo. Geol. Surv., XI, 1897, p. 102. 

* The Clay-working Industry in 1896, 18 Ann. Kept. U. 8. Geol. Surv., pt. V, p. 11S9. 
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that they are largely influenced by the personal equation, their discus- 
sion need not be gone into here, and any one desiring to look them up 
is referred to C. Bischof 's work, " Die Feuerfesten Thone." 

Two methods, however, approach the requirements: 

The first consists in forming the clay into a bar of known section and 
then noting the load required to crossbreak it/ 

The second, devised by Olschewsky,* consists in molding the clay into 
briquettes of the same shape as those used in testing cement, allowing 
them to air-dry, and then pulling them apart in a cement testing ma* 
chine, noting the number of pounds pull required. Before breaking, 
the cross-section of the briquette must be carefully measured and the 
tensile strength per square inch calculated, as the clay shrinks in drying. 
This is a perfectly rational method and supposes that as plasticity is 
dependent on the interlocking of the particles, the tensile strength will 
naturally stand in direct relation to it. Even though it is not yet cer- 
tain tliat this is the cause of plasticity, still it is certain that vnth increase 
in plasticity there is a rise in the tensile strength. 

In the North Carolina clays the tensile strength varied from 5 lbs. 
per sq. in. in a AVebster kaolin to 220 lbs. per sq. in. in a brick clay 
from Greensboro. 

The residual clays tested were all of low tensile strength. 

The clays were all ground to pass through a 30-mesh sieve before 
being molded into the briquettes. 

SHBINKAGE OF CLAYS. 

The variable shrinkage of clays in drying has already been mentioned 
in the discussion of water in clays. The amount of shrinkage depends 
somewhat on the amount of water absorbed or the porosity of the clays. 
But coarse-grained clays may absorb much water and yet shrink com- 
paratively little. Having larger pores, they mil permit the water to 
escape more rapidly, and hence can often be dried quicker than fine- 
grained ones, from which the water on account of the smallness of the 
pores cannot escape so quickly. 

If fine-grained clays are dried rapidly, the surface shrinks quicker 
than the interior, and cracking may ensue, especially if the clay has a 
low tensile strength. 

The air shrinkage begins as soon as the clay is molded and set out 
in the sun or put in a hot tunnel to dry, and continues until the 
moisture is driven off. 

The fire shrinkage generally commences when the combined water 
begins to pass off, or about 1200° F. It varies just as the air shrinkage 
did. 

» p. Joohem, Zeltscb. der Verein deutf ch. Tng.. 18P5. ^ TOpf. Zeit., 1»82, No. 26. 
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5 the fire Bhrinkage was from 2-123(, with 



In the North Carolina 
an average of 4-6ji. 

The fire shrinkage is influenced by several conditions, viz. amount 
of combined water, organic matter, and sand. The fire shrinkage in- 
creases with the amount of organic matter and combined water in the 
<;]ay. Sand diminishes the shrinkage. Lime has the same tendency 
and may even make the clay swell a little. Clays containing a large 
amount of feldspar, will, instead of showing a steady shrinkage up to 
the temperature of complete vitrification or sintering, often exhibit a 
temporary increase of volume when the fusing point of the feldspar 
(about 2300° F.) is reached. 

Between the points at which the moisture has ceased coming off and 
that at which the combined water begins to escape, the clay shrinks 
little or none at all. Consequently in firing a clay the heat can be 
raised rapidly between these two points, but above and below them it 
must proceed slowly to prevent cracking the ware. 

rusiBiuTY or clays. 

In the heating of a clay, or subjecting it to a gradually increasing 
temperature, it not only shrinks but begins to harden. After the 
moisture has been driven off the clay bears some handling and is mod- 
erately hard, but can be scratched by the finger-nail. 

Accompanying the second shrinkage of the clay, beginning at a dull 
red heat, there comes an increase in hardness and density, and at a 
temperature of from 1500° to 2100° F., depending on the clay, it becomes 
very dense, the individual particles are barely recognizable, and the 
clay cannot be scratched with a knife. It is still porous, however. This 
is the point of incipient fusion. "With an increase in the temperature 
of from 50° to 900° F., depending on the clay, an additional amount of 
shrinkage occurs. The clay becomes hard, dense, impervious, the par 
tides are no longer recognizable, and the maximum shrinkage has been 
attained. This is the point of vitrification or sintering. With a 
further similar rise in temperature the clay becomes viscous or flows. 

These three stages are not sharply marked, but with a little practice 
the eye can detect the condition which the burned clay has reached. 
With few exceptions, the point of vitrification seems to be midwav 
between incipient fusion and viscoeity. The difference in temperature 
between these two points varies from 75°-100° F. in calcareous clays, 
up to 400° or more in the purer ones. Indeed, the majority of clayi 
show a difference of 300°-400° F. between incipient fusion and viscosity. 

The practical value of this property is at once apparent, for many 
clays require to be heated to vitrification, and the greater the mai^ 
between this point and viscosity the better, for a kiln cannot be man- 
aged within very narrow limits of temperature. 
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TEMPERATURE AT WHICH CLAY FUSES. 

It may be said in general that, other things being equal, the fusi- 
bility of a clay will increase with the amount of fluxes. 

This is only to be regarded as an approximate statement, for all the 
fluxing impurities do not act with the same intensity. 

If the fluxes are the same, a fine-grained clay will fuse at a lower 
temperature than a coarse-grained one, because in a clay with fine grain 
the particles are closer together, and can interact better chemically when 
they become softened by the heat. This fact may be brought out by a 
comparison of the pipe-clay from the first pit at Pomona and that. at 
Spout Springs. 

The former is coarse-grained, and, though containing 5.10^ of fluxes, 
only vitrifies at 2250° F., while the latter, with only 3.81^ total fluxes, 
vitrifies at 2150** because it is very fine-grained. 

Several attempts have been made to express the relative fusibilities 
of clays numerically, but none of them are wholly satisfactory, as they 
do not give a series of numbers expressing the relative fusibilities of 
different clays, which stand in the same order as the fusibilities them- 
selves. 

Until this can be done such formulse have no definite value, and, in 
any case, it is more satisfactory to know the actual temperature of fusion 
of a clay than to express it in relative terms. 

Bischof * assumed that refractoriness of a clay is directly as the square 
of the alumina and inversely as the silica and fluxes. He therefore 
deduced the formula in which F. Q. stands for " Refractory quotient.^' 

1? n ( AI2O8) 

^•^ — SiOaXRO* 

This only holds good for comparing cl|iys of the same fineness. When 
there is a variation in this the formula no longer holds good. 
Wheeler * has suggested the formula 

F F - ^ 

in which F.F. is called the Fusibility Factor. 

N = sum of non-detrimentals, or silica, alumina, titanic acid, water, 
moisture and carbonic acid. 

D = sum of detrimental impurities, or iron, lime, magnesia, alkalies, 
sulphuric acid, sulphur, etc. 

D'= sum of alkalies which Wheeler supposes to have twice the flux- 
ing value. 

The formula without C was not much more regular in its results 
than Bischofs. 

> DU Feuerfesten Thone, p. 71, 1876. ♦ Eng. and Min. Jour., LVII., 1894, p. 224. 
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Wheeler tlierefore adds the termC, whieli he makes 

C=l when clay is coarse-grained and 8i)eciflc gravity exceeds. . . .2.25 

from 2 to 2.25 

from 1.75 to 2.0 

above 2.25 

from 2 to 2.25 

from 1.75 to 2.0 

This gives better but still not regular results. The insertion of a 
term to account for fineness or coarseness is perfectly rational, but the 
specific gravity is dependent on the mineral composition of the clay 
and therefore indirectlv connected with chemical constitution. 

MEASUREMENT OF TEMPERATURES. 

There are various forms of pyrometers for determining the tempera- 
tures, depending, according to their principle, on the fusion of alloys 
or single metals, thermo-electricity, fusion, spectro-photometry, expan- 
sion, etc. Most of these are unreliable, and for their description one 
is referred to any good text-book. Two forms of pyrometer deserve 
detailed mention, the one on account of its extreme accuracy and 
adaptability in many places where a little care is used, the other on 
account of its very fair accuracy, cheapness, as well as ready applica- 
bility to practical use. 

THE THERMO-ELECTRIC PYROMETER. 

Le Chatelier's thermo-electric pyrometer depends on the measure- 
ment of a current generated by heating a thermo-pile. The latter con- 
sists of two wires, one of platinum and the other of an alloy of 90^ 
platinum and 10;^ rhodium, twisted together at their free ends for a 
distance of about an inch, and the next foot or two of their length 
enclosed in a fire-clay tube, so that when the couple is inserted into the 
furnace only the twisted ends, which are held near the body whose tem- 
perature is to be measured, will receive the full heat. The two wires 
connect with a galvanometer, the deflection of whose needle increases 
with the temperature at the point where the free end of the wire couple 
is applied. 

For use the instrument has to be first calibrated, but this can be 
easily done with a little care. 

As at present put on the market, the thermo-electric pyrometer costs 
about $180, and this high price has always tended to restrict its use. 
There is no reason, however, why one should not be made for about $35. 

This pyrometer is accurate to within 5 or 10 degrees Fahr. 

SEQER'S PYRAMIDS. 

These consist of different mixtures of kaolin and fluxes, which are 
compounded so that there shall be a constant difference between their 
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fusing points. Seger's series were numbered from 1 to 20, and the dif- 
ference between their fusing points is 36** F. A later series, introduced 
by Cramer, runs from .01 to .022 with a difference of 54** F. between 
their fusing points. The higher numbers of the cones have also been 
extended up to 36. 

These pyramids have been recently recalibrated, and therefore the 
fusing points and composition of the different numbers are given here- 
with, being taken from the recently issued circular of the Thonin- 
dustrie Laboratorium, in Berlin, where these cones were first made. 

FUSION TEMPERATURES BASED UPON RECENT RECALCULATIONS FOR SEQER'S PYRAMIDS. 



No. of 
Cooe. 

02 -> 
021 
020 
019 
018 
017 
016 
015 
014 
01.3 
012 
Oil 
010 

09 

08 

07 

06 

05 

04 

03 



^ 



0.5 NaO 
0.5 PbO 

0.5 Na..O 
0.5 PbO 

0.5 Na O 
0.5 PbO 

0.5 Na O 
0.5 PbO 

0.5 XaO 
0.5 PbO 

0.5Na..O 
0.5 PbO 

0.5 Na O 
0.5 PbO 

0.5Na.^O 
0.5 PbO 

0.5 Na..O , 
0.5 PbO f 

0.5Na.O\ 
0.5 PbO I 

0.5 Na O 
0.5 PbO 

0.5 NaO J 
0.5 PbO f 

0.8 K.^0 
0.7 CaO 

O.S K^O 
0.7 CaO 



f 



0.8 Kfi I 

0.7 CaO J" 

0.3 K,0 I 

0.7 CaO f 

0.8 K^O ) 

0.7 CaO f 

0.8 K^O \ 

0.7 CaO j 

0. 3 K,0 I 

0.7 CaO f 

0.3 K^O 
0.7 CaO 



Composition. 

A 



V ■ ■ a a 

0.1 AiPj 
[ 0.3 Al^O, 



0.3 AljOj 



0.4 AljOg \ 
0.5 A 1.^3 I 

{ 
{ 



0.55 A 1.^3 



0.6 Al,03 



0.65 AljOj 



0. 7 Al^Og 



0.75 Al^Oj 



0.2 FcPj 
f 0.3 AI9O3 

0.2 Fe^Oj 
f 0.3 Al,03 

) 0.2Fe/)3 
f 0.8 AI2O3 

i 0.2 Fe^Oj 
] 0.2 Al,03 



I 



0.2 Fe.Oj 
0.3 AljO, 

0.2 Fc^O, 
0.8 AI2O3 

0.2 Fe203 
0.8 AljOj 

0.2 Fe.^, 
0.8 A 1.^3 



j 2 810. 
i 1 B,03 
j 2.2 810, 

( 2.4 810, 
"( I B.O, 
(2.6 810, 
( 1 B A 

2.8 810. 

IBA 

3.0 810^ 
1 BjjOj 

8.1 SlOj 
1 B,03 

8.2 810, 
IBA 

(8.3 810, 
i 1 B,03 
8.4 810, 



{ 



IBA 



0.8 Al.,03 j 



j 3.5 810^ 
/ 1 B.P3 

3.6 810, 

1 B..O3 

j 3.50 SiO^ 
i 0.50 BjOg 

8.65 S10„ 



{ 



0.45 Bfi^ 

( 8.60 810 j 
( 0.40 B.^03 

j 8.65 810, 
/ 0.85 B,03 

8. 70 810, 
0.80 Bfi^ 

8.75 810, 
0.25 BjOj 

( 8.80 810, 
i 0.20 B,03 

j 8.85 810, 
( 0. 15 B,03 



{ 



Fusion Point. 

>- 



Cent. 
590 

620 

650 

680 

710 

740 

770 

800 

830 

860 

890 

920 

950 

970 

990 

1010 

1080 

1050 

1070 

1090 



Fahr. 
1094 

1148 

1202 

1256 

1310 

1864 

1418 

1472 

1526 

1580 

1634 

1688 

1742 

1778 

1814 

1850 

1886 

1922 

1958 

1994 
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FUSION TEMPERATURES, ETC.— Continued. 
Compo«itlOD. 



No. of 
Cone. 

02 

01 

1 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
oo 

23 
24 
25 



0.8 K.fi ) 

0.7 CaO f 

0.3 K^O ) 

0.7 CaO f 

0. 3 Kfi } 
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FUSION TEMPERATURES, ETC.— Continued. 
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When these pyramids are placed in a kiln or furnace they begin 
to soften as the temperature is raised, and as it approaches their fusion 
point the cones bend over until the tip is as low as the base. When 
this occurs the temperature at which they fuse is considered to be 
reached. 

If it is therefore stated that a clay vitrifies at cone 5, it means that the 
amount of heat required to make cone 5 bend over is sufficient to vitrify 
the clay. In this report it has not been thought advisable to use this 
method but to give the actual temperatures. Comparisons can be easily 
made by looking up the number of the cone in the foregoing table. 

These cones are accurate to within 25**, which is entirely sufficient 
for practical purposes. In actual use the cones are set in the kiln at 
a point where they can be watched through .a peep-hole but will not 
receive the direct touch of the flames from the fuel. 

It is well to put two or more cones in so that warning can be had of 
the approach of the desired temperature. 

In order to determine the temperature of a kiln, several cones of 
separated numbers are put in, as, for example, .07, 1, and 5. Suppose 
that .07 and 1 are bent over in burning, but 5 remains unaltered. 
The temperature of the kiln was therefore between 1 and 5. The 
next time 2, 3 and 4 are put in. 2 and 3 may be fused, but 4 remains 
unaffected. The temperature therefore reached the fusing point of 3, 
or 2174** F. If the cones up to about No. 2 are heated too quickly, 
they are apt to swell up, and prevent themselves bending over. 

Seger^s cones are extensively used in Europe, and in America their 
application is extending. Their one great advantage is that they indicate 
not the actual temperature, but rather its action. Thus cone No. 1 does 
not bend over as soon as the temperature of 2102*" F. is reached, but only 
when this temperature has penetrated the cone. It is not advisable to 
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use a cone a second time, in case it lias not bent over in a previous burn- 
ing. Such cones are apt to bend at a lower temperature. 

In porcelain manufacture, cones of the same composition as the glaze 
on the ware are sometimes used. 

These cones can be obtained for about one cent each from Prof. E, 
Or ton, Jr., Ohio State University, Columbus, O. 

SLAKING OF CLATS. 

When a lump of clay is placed in water it begins to slake or break 
up in a more or less characteristic manner, depending on the nature of 
the clay. Some homogeneous clays split into a number of angular 
fragments, others into scaly particles, while still others break up com- 
pletely into their component grains. The rapidity of slaking varies, 
depending largely on the density and toughness of the clays. Some 
clays slake completely to pieces in two or three minutes, while others 
may lie in water for an hour or two and remain totally unaffected. 

This property is of practical importance in two ways. In washing 
kaolins or stoneware clays it is desirable that they should fall apart 
quickly when thrown into water, and thereby permit a quicker and 
more thorough separation of the impurities. 

Slaking is also of importance in tempering clays, for the easier thev 
break up the easier and more thoroughly will they become mixed in the 
pugmill. 

3CIN0B PHYSICAL PBOPEBTTES OF CLATS. 

The other physical properties of clay, such as absorption, fineness of 
grain, taste, color, have been mentioned in connection with other prop- 
erties and need be but briefly referred to here. 

ABSORPTION OF WATER. 

The absorption of clays varies of course, some taking up a large 
amount of water, which they give off again in drying, with the risk of 
cracking the clay unless dried very slowly. The presence of organic 
matter, ferric hydrate and ammonia may increase the absorptive power. 
The residual clays common throughout the western half of the State 
often absorb a large amount of water, without showing much plasticity. 
They are coarse-grained and very porous, and show the property not 
uncommon to many clays, in that they become more plastic as water is 
added up to a certain limit, but a slight addition over this causes the 
clay to become soft and decrease rapidly in plasticity. 

TEXTURE OF CLAYS. 

Fineness of grain, as already mentioned, has an important bearing on 
the fusibility of clays. It also diminishes the tensile strength, and, 
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with few exceptions, requires the clay to be slowly dried, and in burn- 
ing to be slowly heated at first. In porcelain manufacture the particles 
of clay must be of extreme fineness, and this has often to be brought 
about by grinding. 

TASTE OF CLAYS. 

Tasting a clay will often give a clue to the presence of soluble salts, 
such as sulphates of iron or magnesia, which may impart a bitter, inky 
taste to the clay. The presence of grit may also be detected by grind- 
ing a lump of the clay between the teeth. 

COLOR OF CLAYS. 

The color of a clay serves only as an indication of its quality within 
verj'' \vide limits. 

Many high-grade clays which bum white are in their original or green 
state colored black by the presence of a small per cent of organic matter. 
The latter, however, may mask the presence of iron, as in those from 
Prospect Hall, which burn to a deep red. 

Iron may color a clay green, yellow, red, gray, brown or black, 
depending on the condition of its compound, whether ferrous or ferric. 
In surface clays it frequently exists in the ferric condition as limonite 
or hematite, and imparts a brilliant yellow or red to the clay. Not 
unfrequently the upper part of a clay bank is yellow or red, due to the 
presence of abundant ferric oxide, while the lower portion of it may 
be blue or gray from the iron being less oxidized. Many kaolins with a 
very small percentage of ferric oxide burn white in oxidizing fire, but in 
reducing fire bum gray, due to a reduction of the iron from the ferric 
to the ferrous condition. 

The colors imparted by the different constituents have been mentioned 
under the chemical properties. It should be remembered that in case 
the clay does not burn to a color which the analysis would indicate, that 
it may be due to the union of the elements in the clay with substances 
;n the fire gases of the kiln. Many coals contain sulphur. In burning 
the sulphuric acid gases are apt to unite with the lime or other sub- 
stances in the clay, with formation of sulphates. 

DENSITY OF CLAYS. 

The specific gravity of a clay varies with its mineralogical composi- 
tion, and may run from about 1.75 to 2.60. Thus far it is not know^n of 
itself to have any practical value. In the summary of tests at the end 
of the report will be found the specific gravities of the North Carolina 
clays here described, determined by Prof. F. P. Venable. 




CHAPTER IV. 

GEOLOGY AND GEOGKAPHY OF NORTH CAEOLIi'A 
CLAY DEPOSITS. 

The ciay deposits of North Carolina belong to two types, residiiBl 
and sedimentary, whieh, with their varieties, may be grouped as follows: 
Residn&l:— Kaolins; Ure-L'lnys ; &ail Impure clayB. 

<Iiil [ilniD clays, of Cretaceous or Tertiary age. 
menUry Bnrface clays ((or brick and pottery), mainly alone 
e straaniB and low-lands, lu the Plfdmout plntcnn and momi. 
)D counties. 

The accompanying outline map (Plate II) indicates the general dis- 
tribution of the geological formations in the State, except that no 
attempt is made to separate those of the coastal plain region. 

BESIDUAI. CLAYS. 

These in general are to be found in aiiy portion of the western half 
of the State, that being the area underlain by the granitic, gueisaic, and 
schistose rocks from which they have originated by the decay in sitti, 
as explained under the origin of clay. 

The eastern border of this area of crystalline rocts passes through the 
counties of Halifax, Franklin, Wake, Chatham, Moore, Richmond, and 
Anson. 

West of this line, -which passes near "Weldon, Raleigh and Rocking- 
ham, we find the residual clays forming an almost universal mantle over 
the surface. They are generally coarse-grained, red, brown or yellow 
sticky clays, frequently of a lean character. Their thickness varies from 
three to twenty or more feet, depending on the depth to which disinteg- 
ration of the rock has taken place and the amount of erosion of the sur- 
face that has occurred. In general, we may expect to find them of less 
thickness on the steep slopes than on the gentler ones or level areas. 

It not imfrequently happens that the clay has been little disturbed, 
and the banded structure of the gneiss or schist from which it originated 
may still be seen extending upward into the clay. As quartz decom- 
poses more slowly than most rock-forming minerals, the veins of this 
material are also to be seen at times traversing the clay. 

Residual clays commonJy contain many angular grains and frag- 
ments of undecomposed or only partially decomposed mineral matter, 
and the relative amount of this depends on the extent of the rotting of 
the rock. 
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The brickmakers are very prone to use these materials on account of 
their sandy nature, their lean character making them much easier to work 
by hand; at the same time their porous nature produces a porous, weak 
brick unless properly burned, and at the smaller brickyards the burning 
is seldom carried far enough. 

The composition of two of these impure residual clays is given below: 

Composition of Residual Clays, 

Dean^B Yard, GreeDsboro 
GreeDsboro. Brk. & Tile Co. 

Moisture 1.90 1.64 

Silica 59.27 56.81 

Alumina 22.31 20.62 

Ferric oxide 6.69 6.13 

Lime 25 .65 

Magnesia 13 .58 

AlkaUes 90 4.47 

Water (loss on Ignition) 9.00 8.60 

Total 100.45 99.50 

Free sand 33.35 40.65 

Fluxes 7.97 11.83 

The residual fire-clays found at Pomona and Grover are coarse- 
grained, sandy clays of a semi-refractory nature, with much intermixed 
quartz and mica. At times these two mineral impurities may become 
so abundant that the portions of the vein holding them have to be 
avoided in mining. 

As these semi-refractory clay deposits have been but little worked 
thus far, not very much can be said of their extent. Vein formations 
such as they result from are often apt to be of a pocket-like nature, but 
at times are very extensive, so that they should be well exploited before 
much mining is done. 

These residual clays are sometimes found such a short distance from 
their point of origin that they still practically possess their residual 
characteristics of leanness, coarseness, angularity of fragments, etc. 

The kaolins, which also come under this head, are of the greatest 
commercial value. They result from the decomposition of feldspar or 
granite veins, so abundant in the crystalline area of North Carolina. 
In width they vary from a few inches to 300 feet, and the kaolin 
extends from the surface to a depth of 60 to 120 feet, depending on the 
extent to which the feldspar has altered. Below this the fresh or par- 
tially altered rock is met. In their unaltered state these veins may 
serve as sources of feldspar or quartz, which, when of sufficient purity, 
are available for potters' use. 

The kaolin deposits at Webster, N. C, have been worked for a nimi- 
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ber of years to supply the potteries at Trenton, N. J., and East Live^ 
pool, Ohio. The field work and laboratory tests carried on in con- 
nection with the preparation of this report indicate additional ones of a 
very promising nature. 

SEDIMENTABT CLATS. 

The coastal plain deposits of North Carolina furnish the most exten- 
sive beds of clay to be found within the State. They have been classed 
as belonging to the Potomac (lower Cretaceous), Tertiary, and post- 
Tertiary (Columbia) formations.' 

The former are best exposed along the Cape Fear river below Fay- 
etteville, and consist of dark-colored clays, at times very sandy and 
frequently containing an abundance of organic matter. 

The clay usually forms large lenses, and sometimes, by the increase 
of sand, passes into sand beds. One of the best exposures of these 
black Potomac clays is at Prospect Hall, 21 miles below Fayetteville; 
but they are exposed also in many of the river bluffs from 10 to 60 
miles below Fayetteville (p. 102). 

The Eocene deposits are best exposed along the western border of the 
coastal plain region in Moore and Harnett counties, lying near or at 
the summits of the sand hills and ridges. Their thickness varies from 
5 to 15 feet, or possibly more, and there usually is but little (2 to 6 feet) 
of sandy overburden. The best known exposures of these are on the 
Spnmt lands, 2 to 3 miles north of Spout Springs, and 2 miles southeast 
of Southern Pines on the Seaboard Air Line Railway. 

There are good exposures of clay in the cuts of the Cape Fear and 
Yadkin Valley R. E. between Spout Springs and Fayetteville, the age 
of which is not certain, though they are probably Eocene or Cretaceous. 

The composition of these latter clays (see table at the end of report) 
might lead one to assign a refractory character to them, but their 
extreme fineness of grain causes them to fuse at comparatively low tem- 
peratures. Their smoothness is marked, and they might be used for 
other purposes. 

Finely laminated clays of various colors are also to be found exposed 
in railway cuts and river bluffs in many parts of the coastal plain 
region, in some places associated with tertiary marls, and elsewhere 
overlying them. Along the western border of the coastal plain region, 
both in the river bluffs and on the divides between the streams, as are 
to be seen at intervals along the Atlantic Coast Line K. K. from 
Weldon to a few miles south of Fayetteville, are beds of finely laminated 
clays varying in color from yellowish to nearly black, and often mot- 
tled, which are believed to be a part of the Lafayette formation. None 

* J. A. Holmes. '' The KaoUn and Clay Deposits of North Carolina/' IVafia. Amer. Inst. Min. 
Eng. XXV, p. 929, 1896. 
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of these clays has yet been fully tested, but the results of their exam- 
ination will be described in a later report. 

There is also to be found in the terraces bordering the larger streams 
for some miles above and below where they pass from the hill country 
into the coastal plain region, a series of red and brown loams, which, 
near Weldon, Goldsboro and Fayetteville, in North Carolina, and at as 
many points similarly located in other Southern States, have been found 
to make good brick when properly manipulated. These " brick loams,'* 
as they have been designated, are of still more recent origin than the 
laminated Lafayette clays mentioned above, and they are classed with 
the youngest of our extensive geological formations, that known as the 
Columbia. 

Many of the rivers farther inland, as they pass across the hill country, 
and even in the mountain region, are often bordered by considerable 
stretches of terrace which arc underlain by brick or pottery clays, often 
of excellent quality. 

The more sandy clays imder these terraces are generally to be found 
close to the river, while the finer grained and smoother ones have been 
deposited nearer shore at the edge of the terrace, and when there are 
several terraces they are usually found under the upper one. 

Such terraces are abundant along the Catawba river near Morgan- 
ton and Mount Holly; along the Yadkin river, especially at Wilkes- 
boro and Elkin; along the Clarke river (south fork of Catawba river) 
at Lincolnton, where clay to supply some fifty potters is dug. 

It is from these terrace deposits of recent geologic age that some of 
the best clays in the State are to be obtained. In depth they vary from 
five to ten feet, and as some of these river valleys supply the lines of 
railroad with an easy passage through the mountain regions, the clays 
are well located for shipment either in their burned or unburned con- 
dition. 

These, river clays are also well developed along the French Broad 
river near Asheville; and at Biltmore they have produced excellent and 
extremely encouraging results. 

It not uncommonly happens that the river terrace is formed on the 
slope of some hill covered by coarse-grained, lean, residual clays, and 
by the gradual creep of the soil the residual material moves down on to 
the sedimentary clay imderlying the terrace. Such conditions are not 
uncommon, and at first sight the section of this kind exposed in a clay 
bank presents a rather peculiar appearance. 

As mentioned above, the sedimentary clays are also well developed 
around Wilson, Goldsboro and Fayetteville. 

With proper treatment, as will be mentioned later, these clays are 
capable of excellent results, and yet by careless methods the product 
that is sometimes produced is not fit to use. 
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Just as much care ahould be taken in tlie manufacture of brick aa in 
white ware. Tliere is, unfortunately, too much disposition to regard 
a brick as so many cubic inches of burued clay that must be able to 
stick together and little more. 

The omnipresence of residual brick claja in the South has bad an 
injurious effect on the clay-working industry, for when a large cotton 
mill or other building is erected the contractor generally digs up the 
nearest residual clay soil, the most siliceous he can find, and even then 
sand is sometimes added to it to permit its mixing with the minimuin 
amount of labor. 

This clayey sand is then molded by hand and hurriedly buraed in 
small scove kilns. The great amount of sand naturally tend^ to make 
a porous brick, and burning the kiln barely to incipient fu^on, and 
never much beyond, prevents the clay from reaching its maximum 
shrinkage. The result is a porous, soft btlek. 

The sedimentary clays generally make a smoother, denser brick, and 
one which bums at a lower temperature, but the residual brick clays are 
frequently capable of good results if properly handled. 

Clays for making good common and pressed brick are of aa much . 
importance in North CaroUna as stoneware claya and kaolins, for prac- 
tically all the pressed brick now used in the State are shipped from other 
States. 

THE NOBTH CAROUNA CLAT-WORKING INDTTSTBT. 

The products at present manufactured in North Carolina include 
stoneware, earthenware, fire-brick, sewer-pipe, fiue-Iinings, dratn-tile 
and building brick. 

Stoneware is manufactured by a number of small potters located 
chiefly in the western part of the State. The clays used bum to a dense 
hard body at moderate temperature, 2100° F., but the ware Las a rough 
surface due to the glazing material, which contains much grit. The 
same potters make red earthenware articles to a limited extent. With 
the available claya there is room for much improvement in the character 
of the ware. 

Fire-brick are manufactured at Pomona, Guilford county, Emma, 
Buncombe county, and Grover, Cleveland county. In each case the 
clays are coarse-grained, sandy ones, mth much quartz and mica. 
Those at Grover especially would probably make a very good grade of 
refractory material, but their application has thus far been limited. 

Sewer-pipe and flue-linings are only made at Pomona, Guilford 
county, but the factory located at that place is turning out a very good 
product, and it has recently been much enlarged. 

Common brick are manufactured at many localities throughout the 
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State, but pressed brick have not passed beyond the experimental stage; 
although many of the clays are admirably adapted for this purpose, as 
those .near Asheville, Buncombe county, at Wilkesboro, Wilkes county, 
around Goldsboro, Wayne county, and Raleigh, Wake county. 

Many of these towns are at the intersection of several lines of railroad, 
so that the product could be easily shipped. 

In visiting the various localities for the collection of samples for 
analysis and physical tests, this point has been borne in mind, and the 
areas most accessible have been especially examined. 



CHAPTER V. 

KAOLINS OR CHINA CLAYS. 

CHABACTEB, MINING, PBEPABATTON FOB MABKET. 

North Carolina is one of the important producers of kaolin used by 
the manufacturers of white granite, C. C. (cream-colored) ware, and 
porcelain, at Trenton, East Liverpool and other localities in the United 
States, and the material prodticed stands second to none thus far mined 
in this country. 

All of the North Carolina kaolins thus far discovered are of a resid- 
ual nature, that is, the material is found at the point where it originated. 
They have resulted from the decay of veins of pure feldspar, pegmatite 
or granite, and vary in their initial impurity according to the number of 
foreign minerals which occurred in the vein from which they were 
formed. 

DISTRIBUTION OF THE KAOLINS. 

Knowing thus the nature of their origin, it is possible to predict 
approximately the limits within which they can occur. As the feld- 
spar and granite veins are generally found cutting the gneisses, 
granites or hornblende and mica schists, the kaolin deposits can occur 
in any part of the central or western parts of the State, this being the 
area underlain by the crystalline rocks. Large deposits have thus far 
been recorded from Montgomery, Richmond, Cleveland, Burke, Jack- 
son, and Macon counties. 

MINERALOGICAL CHARACTER OF KAOLIN. 

The kaolin from most of these veins is a white, dense, soapy sub- 
stance, soft and easily picked out. Through this may be scattered scales 
of mica, garnet, quartz, etc. The mica is generally fresh in appearance 
unless it is an iron-bearing sj)ecies. The garnet is almost invariably 
decomposed and forms rusty stains which can generally be eliminated 
in washing. The quartz is practically always undecomposed and in 
angular fragments. Its condition determines the necessity of its sepa- 
ration; that is to say, if the quartz were extremely fine its presence 
would be harmless. If the v(»in was originally a coarsely crystalline 
mass of (juartz and feldspar, the former remains in such large fragments 
that it is necessary to eliminate it by washing; but if the quartz and 
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feldspar were intimately associated in a finely granular mixture, then 
the quartz may be scattered through the kaolin in the form of a fine 
siliceous powder, and if there are no other impurities with it, the quartz 
can be left in the kaolin. 

Indeed, it sometimes happens that there is so much finely divided 
quartz present that it is impossible to separate all of it by washing. 
This is the case with the kaolin from Troy. 

Depending, therefore, on the character of the quartz, the washed 
kaolin from different localities may show a very variable amount of 
elav substances. 

In the case of the Webster kaolin the quartz forms a large mass in 
the centre of the vein, and is left standing wjiile the kaolin is mined 
away on either side. 

In Plate V, facing page 59, fig. 2 shows a bed of residual clay near 
Grover, and fig. 1 an extensive vein of residual kaolin near Webster. 

PROPERTIES OF KAOLIN. 

Kaolin of good quality is pure white when washed and dried, but 
often gray when wet. The purest North Carolina kaolin, and also other 
American kaolins, show on microscopic examination bunched and also 
isolated scales of kaolinite, plates and scales of white mica, grains of 
quartz, and apparently feldspar grains. 

The plasticity of kaolin is usually very lean, although some crude 
kaolins are appreciably plastic to the feel. The tensile strength is always 
low, and in the North Carolina kaolins varies on the average from 5 to 
20 lbs. per square inch. Most kaolins absorb considerable water in 
being worked into a plastic paste. They bum to a white body when 
little iron is present, and the hardness and density vary with the degree 
of temperature to which they are subjected, and also with the amount 
of quartz and feldspar which they contain. In the manufacture of china 
the kaolin is mixed with ball clay to give the mass plasticity, and feld- 
spar to act as a flux. Quartz is also added to prevent excessive shrink- 
age. It is in this connection that the value of a rational analysis is felt. 

The rational' analysis considers a clay as being made up of quartz, 
feldspar, and kaolinite or clay substance, and shows the amount of each 
present in the clay. If now the potter changes from the kaolin he has 
been using to one from another locality, it will be possible for him, if he 
has a rational analysis of this new clay, to determine without endless 
experimenting how to varj' the amount of quartz and feldspar which he 
adds to his mixture in order to produce one which, with the new kaolin, 
will give as good results as the old one. 

The method of rationally analyzing clays is discussed under the 
" Chemical Analysis of Clay " (pp. 29-33), but a few points regarding it 
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may also be stated here. Clays may agree in their ultimate chemical 
composition, but disagree widely in their rational composition. Chjs 
showing the same rational composition, will, other things being equal, 
usually have the same shrinkage. If they differ in the degree of fine- 
ness of their particles, they may show a different shrinkage, even though 
they analyze alike rationally. In porcelain and white earthenware 
manufacture the clay is generally ground so fine that this last point 
does not have to be considered. 

A rational analvsis has been made of the kaolins of !Iforth Carolina. 

The fact that a kaolin does not contain 98,^ of clay substance need not 
cause the slightest uneasiness. The important requirement is a very low 
percentage of iron. If in addition to clay substance the clay contains 
quartz and feldspar, then just so much less quartz and feldspar will have 
to be added in making up the porcelain or other mixture. The cele 
brated French kaolins which do not have to be washed sometimes con- 
tain 38jlS^ feldspar.^ 

An examination of the following table shows that there is con8ide^ 
able variation in the proportion of clay substance, quartz and feldspar 
present. 

Table shoicing lyariation in clay substance, quartz and feldspar. 

Percentage of clay substance, quartz, and feldspar in North CaroUna kaoUns. 

Clay 
Locality. substance. Quarts. Feldspar. 

Sylva (washed), N. Ca. Min. & Mf^r. Co. (57) 94.21 5.75 

Webster (washed), Harris Clay Co. (53).. . . 96.81 0.07 8.13 

** (unwashed), G. Springer (54) 66.14 15.61 18.91 

" (washed), G. Springer (56) 93.24 6.60 

Bostick Mills (unwashed) (21) 49.30 ^ 41.50 9.20 

(22) 36.05 ' 62.88 

(washed) (20) 54.30 43.85 1.82 

Troy, darker kaolin (64a) 14.71 83.94 1.91 

(64) (washed) 20.83 76.20 2.84 

white kaolin (68) '» 58.92 35.27 5.81 

Wests Mill, Macon Co., crude kaolin (69)... 83.39 14.98 1.58 

It will be seen from the above that the free sand or insoluble residue 

in the Kortli Carolina kaolins is nearly all quartz. 

The variations in the total percentages of the washed samples is as 

follows: 

Variation in c<jtnf>osition of kaolin, washed samples. 

Silica 44.08 to 86.085^ 

Alumina 6.46 »» 41.70 

Ferric oxide 28 »» 3.97 

Lime 15** .50 

Magnesia 09 ** .20 

Alkalies .25" 3.48 

Water (loss on ignition) 2.90 *» 18.56 

^ Svgrer's Ges. Schrift, p. 552. 
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The special point of interest in these analyses is the iron percentage. 
The per cent, of iron in the various washed kaolins and their color on 
burning are as follows: 

Table showing per cent, of ferric oxide in tomhed kaolin, and color on burning. 

Ferric oxide, Ck>lor of 

Locality. percentage. burned clay. 

( .28 
6. Springer, Webster "i & 1 08 FeO White. 

Wests Mill 1.18 White. 

Harris Clay Co., Webster 1.41 White. 

Sylva 1.86 White. 

( White, faint 

Bostick Mills 2.14 \ „ ., 

( yellow tinge. 

Dark kaolin, Troy 2. 18 Light buff. 

White kaolin, Troy 2.97 Red buff. 

This affords an interesting series from which to determine the permis- 
sible limit of iron in a kaolin. It would seem from this that the extreme 
safety limit is 2^, but still under 1.6^ is more desirable. It should be 
remembered that there might be 2 or 3^ of ferric oxide without its pres- 
ence being noticed, provided there was also present 6 to 9^ of lime to 
bleach it. But still it is undesirable to have to count on this, and even 
if this condition existed the kaolin would bum yellowish white and not 
pure white. 

MINING OF KAOLIN. 

Kaolin is usually soft enough to be mined with a pick and shovel. 

If the kaolin deposit is large and broad, it can be worked as an open 
pit, digging out the material with picks and shovels and loading it into 
wheelbarrows or cars, which are drawn or pushed to the washipg 
troughs, or, if the pit is deep, brought to the foot of an incline and then 
hauled up by means of a cable. 

Most of the North Carolina kaolin deposits are vein formations whose 
depth is comparatively great as related to their width. In such in- 
stances the method of sinking pits is adopted. This consists in sinking 
a circular pit in the kaolin about 25 feet in diameter. As the pit pro- 
ceeds in depth it is lined with a cribwork of wood, as shown in fig. 2 
of Plate III, which will be found facing page 56. This lining is ex- 
tended to the full depth of the pit, which varies from 50 to 100 or even 
120 feet. When the bottom of the kaolin has been reached the fiUing- 
in of the pit is begun, the cribwork being removed from the bottom up- 
wards as the filling proceeds. If there is any overburden it is generally 
a good plan to use this for filling in the pits. 

As soon as one pit is filled a new one may be sunk in the same manner 
right next to it. In this way the whole vein is worked out, and, if the 
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'deposit is large, soverat pits maj lie sunk at the same time to increue 
the output of the mine. 

The kaolin is taken from the pit in buckets, which are operated by i 
derrick. At the mouth of the pit it is dist'harged into barrows or cm. 

Two other methods of mining may be mentioned. 

If the deposit is deep and narrow, and the better portions of the kioEn 
are irregularly st-attered through the vein, it may be cheaper to sbk 
a shaft and run levels from this iuto the lietter parl^ of the bed. These 
levels generally have to be timbered and the shaft also requires lining. 

Hydraulic mining has been tried with success in some very sandT, 
loose-grained kaolins, but is not used iu North Carolina. The method 
as sometimes used consists in washing the clay down into the bottom 
of tlie pit, whence it is sucked up by means of a pump and dischai^ged 
from the conveying pipe into the washing trough. 

It is sometimes necessary to have a scraper to stir or loosen tjp tbe 
clay in order to permit its being su<iked up more easily. Where appli- 
cable, this is a cheap and rapid method, but most kaolins are too denas 
and not sandy enough to permit its being naed. 

At the Harris Clay Company's mines, near Webster, the miaee are 
at a higher level than the washing plant, and the kaolin, after being 
trammed for a few hundred feet from the mouth of the pits, is dis- 
charged directly into a trougli leading down the slope to the washing 
works. A current of water is pumped up the slope and discharged into 
the trough to wash the kaolin down. 

A kaolin bed to be of commercial value should not be less than 8 feet 
thick. 

The workable depth depends on the distance below the surface to 
which the feldspar has kaolinized. 

PBEPARATfON OF KAOLIN FOR MARKET. 

Most kaolins are washed before shipment. Tliis is done to eliminite 
coarse particles and substances such as iron, which would render the 
clay fusible or discolor it iu burning. 

Two methoda of washing may be used. The first consists in throw- 
ing the kaolin into large circular tubs or " blungers " filled with 
water; in these tubs there revolve arms which stir the mass up to ■ 
mixture of creamy consistency. By this treatment the fine kaolinite 
particles and some very fine quartz, feKlspar and mica grains remain in 
suspension while the coarser particles drop to the bottom. The water, 
with the kaolin in suspension, is then drawn off to the settling tanks. 

A modification of this consists in the use of a large cylinder, closed at 
both ends. The cylinder is set in a horizontal position and contains an 
axis with iron arms, which as the axis revolves serve to break up the 
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clay. The latter is eliarged through a hopper, and a current of water 
passes into the end o£ the cylinder, while at the other end the water 
parses out with the fine clay particles in auspenaion, the coarser ones 
remainiug in the cylinder. 

The amount of water used haa to be regulated by experiment. If an 
excess ia used, too mneh coarse material will be washed out of the eyliu- 
der, and conversely if the current is too slow, the clay will not yield a 
sufficient percentage of washed material. The coarse sand remains in 
the cylinder and baa to he removed from time to time, depending on the 
capacity of the cylinder and amount oi coarse sand in the clay. When 
the water an(| anapended clay leave the machinp they ai-e conducted to 
tbe settling tanka. 

This method is little used in this country for the purification of the 
crude material, although it ia extensively used abroad. 

The prevalent method of washing kaolin in the United States is by 
means of troughs, and the details of this method are as follows: 

As tbe kaolin comes from the mine it ia generally discharged into a 
log-washer. This consists of a semi-cylindrical trough, in which there 
revolves a borizontal axis bearing short arras. The action of these arms 
breaks np the kaolin more or leas thoroughly, depending on its density, 
and facilitates the subsequent washing. Tbe stream of water directed 
into tbe log-washer sweeps the kaolin and most of the sand into the 
washing troughs, which latter are about 15 inches wide and V2 inchea 
deep. They may be wider and deeper if the kaolin is very sandy; 
in fact, they should be. The troiighing ia about TOO feet long, and to 
utilize tbe space thoroughly it is broken up into sections (50 feet each 
is a good length), these being arranged parallel, and connecting at the 
ends, so that the water, with suspended clay, follows a zig-zag course. 
This trough has a slight pitch in the North Carolina plants, being about 
one inch in 20 feet, but tliia is a matter depending on the kaolin. If 
the kaolin ia very fine and settles slowly, the pitch need not be so great, 
and vice versa. A large quantity of very coarse sand in the kaolin is 
a nuieauce, as it clogs up tbe log-wasber and upper end of the trough 
more quickly, and causes ao much more labor to keep them clear. As 
it ia, considerable sand settlea there, and, to keep the trough clear, sand 
wheela are used, Theae are wooden wheela bearing a mimber of iron 
scoops on their periphery. As the wheel revolves theae scoops catch up 
& portion of the sand which has settled in the trough, and as each scoop 
reaches tbe upper limit of its turn on tbe wheel, it, by its inverted poai- 
tion, drops the sand outside of the trough. These sand wheela are a 
help, hut it is very often necessary to keep a man in addition shoveling 
the sand from the trough. 

A general view of tbe kaolin-wasbing plant at the Harri." kaolin mine 
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near Webster is shown in Plate UI, fig, 1. At the end of the sled 
on the right are the four sand wheels. Nest to these comes the trough- 
iug, while in the lowest part of the illustration in front of the house are 
the settling tanks. In the background along the foot of the-hill are 
the drying racks. 

If the sand is finer it la not dropped so quickly, but distributed more 
evenly along the trough and does not clog it up so fast. 

The zig-zag arrangement of the trongbing !iaa been objected to by 
some, as it produces irregularities in the current, causing the sand to 
bank up in the comers at the bends, and also at certain points along the 
sides of the troughing,' 

The effect of this is to narrow the channel, and consequently increase 
the velocity of the current, thereby causing the fine sand to be c&rried 
still further towards the settling tanks. 

This diiBculty, which is not often a serious one, has l)een obviated 
either by having the troughing straight, or by allowing the water and 
Buspended clay as it comes from the Iggwasher to paas through a section 
of straight trough, and from this into another one of the same depth but 
five or six times the width and divided ty several longitudinal partitions. 
The water and clay then pass into a third section, t\\'ii.'e as wide as the 
second, and divided by twice the number of longitudinal di\Tsion3. 

By this means the water moves always in a straight coui'se, but as it 
is being continually spread out over a wider space it flows with an ever 
decreasing velocity. 

By the time the water has reached the end of the troughing nearly 
all of the coarse grains have been dropped and the water is ready to be 
led into the settling vats, but as a further and necessary precaution the 
water is discharged onto a screen of 100 meshes to the linear inch. 
The object of this is to remove any coarse particles that might possibly 
remain, and also to remove sticks and other bits of floating dirt that 
are sure to be introduced. 

Two kinds of screens can be used: 1, stationary, and 2, revolving. 

The stationary screen is simply a frame covered with lOO-megh copper 
cloth and set at a slight angle. The water and suspended kaolin fall 
on this and pass through. If they do not they run off the screen and 
are lost. 

A slight improvement is to have two op three screens overlappii^, 
80 that whatever does get through the first will fall on the second. 

If the vegetable matter and sticks are allowed to accumulate they 
clog the screen up and nothing will run through. These stationary 
screens therefore have to be closely watched. 

The revolving screens are far better, fop they keep themselves clean. 

- * E. Hutop. ThoDiiiiJiistrie Znltunit, 1883. 



r. C. UEOLOOICAL 8CRVtT. 



BDI-LeTIN 13, PI^TE 111. 





4 



k 




KAOLINS OK CHISA t'LAYS. o7 

Such a screen 13 barrel-shaped, and the water, with the kaolin in sus- 
pension, is discharged into the interior and passes outward through the 
screening. As the screeu revolves, the dirt caught is carried upwards 
and finally drojia; hut instead of dropping down upon the other side of 
the screen, it falls upon a board which diverts it out on to the ground. 




The settling tanks iuto which the kaolin and water are discharged 
K^y be, and often are, about 8 feet wide by 4 feet deep and 50 feet or 
more long. As soon as one is filled the water is diverted into another. 
The larger a settling tank, the longer it will take to fill it and allow 
the kaolin to settle, and delays due to this cause are expensive, especi- 
ally when the market takes the output of washed kaoliu as soon as it la 
BKady. Too many small tanks increase the initial cost of plant. 
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If tlie kaoliii settles too slowly, alum is sometimes added to the water 
to hasten the deposition. Wlien the kaolin has settled most of tlie 
clear water is drawn off, and the cream-like mass of kaolin and water ia 
the bottom of the vat is drawn off into the slip pumps and forced by them 
into the presses. Figure 1, on the preceding page, 8bon*3 a form of 
pumii used for this purpose, made by tlie Turner, Vaughn and Taylor 
Company of Cuyahoga Falls, Ohio. 

The presses consist simply of a series of flat iron or wooden framM 
between which are flat canvas bags. These bags are connected by 
nipples with the supply tube from the slip pumps. By means of the 
pressure from the pumps nearly all of the water is forced out of the 
kaolin and through the canvas. 

When all the water possible is squeezed out the pressure is removed, 
the press opened, and the sheets of semi-dry kaolin taken out. These 
sheets are rolled up and put on the racks out in the open air or in a 
steam-heated room to dry. 

Plate IV, fig. 1, shows a kaolin filter press mth wooden frame, 
and fig. 2, such a press with an iron "frame. The latter is preferable, 
especially in climates where wood decays easily. 

In a plant of steady and moderate capacity, both economy and ease 
may be practised by |>aying a little attention to its proper arrangement. 

It is a good idea to have cars on a track, or an endless belt run past 
the presses and drying racks. The clay can then he taken right from 
the presses and put on the cars or belt and taken right from them and 
put on the racks. 

As for every ton of crude kaolin usually only about two-fifths or 
sometimes one-quarter of a ton of washed kaolin is obtained, the imI>o^ 
tance of having the washing plant at the mines will be easily seen, for 
it avoids the hauling of 60 to 70;^ of useless sand, which has to be washed 
out before the kaolin can be used or even placed on the market. 




DEPOSITS OF KA.OLIIT IK HOaTH CAROLINA. 

KAOLIN IN JACKSOJT COUNTY. 

Near Stlva. — North Carolina Mining and Manufacturing Co. The 
kaolin mine of this company is two miles south of Sylva on the mountain 
slope. The wall rock is a gneiss, now largely decomposed to a ferru- 
ginous clay. The kaolin vein cuts this, striking about N. 45° E. Its 
exact width is not known, but it is 8 to 10 feet in places. A 50-foot shaft 
has been sunk on the vein, and from the foot drifts have been run in 
both directions along the vein. This drift ia about 4 feet wide and 
6 feet high. That running to the east from the shaft is about 150 
feet long, including two offsets due to faulting of 16 feet each. The 
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drift running west has gone only a short distance. A second tunnel 
was started towards the east, about 8 feet above the bottom of the 
shaft. 

There are streaks of so-called " sand " at several points in the mine, 
which are patches of only partially kaolinized rock. Several tons of 
fresh feldspar have been shipped from this mine. The washed clay is 
very fine-grained with no grit. Color pure white. Very smooth. 
Slakes slowly but very completely. To produce a workable paste 40j< 
of water was required. This paste was lean, and shrunk 8^ in drying 
and 4:^ in burning, giving a total shrinkage of 12^. The tensile strength 
of air-dried briquettes made from this paste was 15 lbs. per square inch. 

Incipient fusion occurs at 2200** F., vitrification at 2450** F., and vis- 
cosity at 2700' F. 

The clay burns to a pure white, smooth body. 

The shrinkage in drying and burning is 3^ less than in the case of 
the kaolins from Florida.* 

The following is the analysis of this clay: 

Analysis of washed kaolin (No. 57) N, C. Mining d Mfg. Co,y two miles south of Sylva, 

Moisture 3.07 

Snica (total) 44.08 

Alumina 36.26 

Ferric oxide 1.86 

Lime 43 

Magnesia 20 

Alkalies 50 

Water Ooss on Ignition) 13.56 

Total 99.96 

Free sand 5.75 

Total fluxes 2.99 

From this analysis we get: 

Clay substance 94.21 

Quartz and feldspar 5.75 

Specific gravity 2.31 

The insoluble residue was not analyzed separately, as there was such 
a small amount of it. 

From the analysis it will be seen that the clay contains a high per- 
centage of clay substance. 

Xeak Webster. — Harris Clay Company. The kaolin deposit of this 
company is a large and very coarse pegmatite vein or dike with a max- 
imum thickness of nearly 300 feet. In the middle there is a large 
thick lens of quartz. (Plate V, fig. 1.) 

» LaogeDbeck, Chemistry of Pottery^ 101. 
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The vein runs almost north and south, and tlie kaoHo in o£ high 
quality, but has some quartz and mica, and occaaiunallv garnet mixed 
in with it. 

The wall rock is a reddish, fine-grained, much decomposed gneiss, 
and the boundary between the kaolin and gneiss is not always sharp. 
There are really three distinct "veins" of kaolin included in the 3O0 
feet mentioned above. A tunnel was driven across a portion of the 
deposit from west to east, ami the materials which were passed through, 
together with their thickness, were as follows: 

Seelion aero»t tkt Bdrrit Kaolin Mint ntar Webtltr. 

Kaolin 28 rt. 

Gnelse 23 " 

Quarts 82 " 

Kaolin (exposed Id V tunnel) 66 " 

Kaolin (bored tttrough) 21 " 

Kaolin (exposed in ebaft) 22 " 



The 21 feet exposed in boring were through kaolin, and ended i 
shaft 22 feet wide sunk in the eastern half of the vein. There were 

U several feet of kaolin beyond this shaft, giving over 100 feet of solid 

^H kaolin in the eastern half of the vein. The tunnel was about 70 feet 

^1 below the surface. 

^H The pits sunk in the kaolin vaiy from 15-25 feet in width and 80-100 

^H feet in depth. The deepest thus far sunk is 125 feet through solid 

■ kaolin. (Plate in, fig. 2, p. 56.) 

^1 Since April, 1S96, the company has been following the strike of the 

^P vein down the hill, toward the north, and has sunk several new pita in 

^M this direction. 

^K The washed kaolin from this mine ia smooth to the taste and feeling 

^B and shows little or no grit. In water it falls slowly but completely to 

^M a fine powder. Forty-two per cent, of water were re/iuired to give a 

^H workable paste, which was somewhat lean. It shrunk Qi in drying 

^B and in burning, giving a total shrinkage of 10^. The average ten- 

^M sile strength of air-dried briquettes was 20 lbs. per square inch with a 

^M maximum of 22 lbs. Incipient fusion oceurrod at 2300° F., vitrifica- 

H tion at 2500° F., and viscosity above 2700° F. 

H The clay burns to a white body. The ultimate and rational analysis 

^P of this kaohn yielded the following results: 
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Analysis of Kaolin {No, 53), Harris Clay Co.'s Mine, Webster. 

Washed kaolin. PortioQ insoluble. 

Moisture 35 

Silica 45.70 2.00 

Alumina 40.61 0.55 

Ferric oxide 1.^9 0.27 

Lime 0.45 

Magnesia 0.09 

Alkalies 2.82 0.37 

Water (loss on ignition) 8.98 



• • • 



• • 



• • • • 



Total 100.39 3.19 

Free sand 3.19 

Total fluxes 4.75 



• • 



Specific gravity 2.43 



• • 



This gives the following : 
Clay substance 96.81 

Quartz 0.07 

Feldspar 3.12 

100.00 

The kaolin as mined is discharged into the upper end of a trough, 
along which it is washed down to the works. It is discharged into the 
upper end of the washing troughs, and, with the water, passes along 
under 5 sand wheels, which extract a large amount of the fine sand and 
keep the trough from becoming clogged. The kaolin, sand and water 
then pass along 700 feet of troughing, gradually dropping the sand, 
until the settling tanks are reached. There are 3 troughs, 4 pumps 
and 4 presses, open-air drying racks, and a steam-drying room. The 
capacity of the works is 24 tons per day of washed and dried kaolin. 
(See Piate III, p. 66.) 

The washed kaolin has to be hauled four miles to the railroad at Dills- 
boro. The clay is dried in the steam chamber in three days, while on 
the racks it requires two weeks. 

Springer Clay Pit. — Geo. Springer, Jr., has recently opened a mine 
of kaolin on the property of Wm. Buchanan, one-half mile northeast of 
Webster. A drift has been run in from the side of the hill and across 
the vein. In this tunnel the vein of kaolin shows up 25 feet wide and 
strikes X. 15** W. 

Two headings have been run north and south from the drift for a 
distance of five feet. About 50 tons of the crude material have been 
thus far taken out. 

The kaolin appears to be of excellent quality, but the presence of 
some coarse angular quartz fragments necessitates its washing. 

Both the crude and washed clavs were tested, and the two series of 
tests are given in parallel columns for the sake of comparison. Xo. 54 
is the crude material and Xo. 56 the washed kaolin. 
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Phyncal tests of Kaolin, washed and crude, Springer pit. 

No. 54. No. 56. 

Crude kaolin. Washed kaolin. 

^^ ^ f CJoarse to fine. Very fine. 

<^''*™*^**'' \ Sandy. Smooth. 

Slaking Fast and complete. Slow and complete. 

Water required to give paste 32% 38% 

Plasticity I^ean. Lean. 

Air shrinkage 2 8 

Fire shrinkage 4 4.5 

Average tensile strength 6 lbs. 23 

Maximum tensile strength 7 lbs. 24 

Condition when burned Porous. Dense. 

Color when burned White. White. 

Incipient fusion 2300'* F. 2350° F. 

Vitrification (incomplete) 2500** F. 2550^ F. 

Viscosity above 2700*' F. above 2700® F. 

Analysis of Kaolin, Springer pit, % mile If. E, of Webster. 

No.5i.* No. 56. 

Crude Insoluble Waahed Insoluble 

kaolin. residue. kaolin. residue. 

Moisture 25 2.05 

Silica 02.40 29.12 45.78 6.(50 

Alumina 20.51 3.85 36.46 



Ferric oxide 1.14 .05 .28 

Ferrous oxide 1.08 

Lime 57 .50 

Magnesia 01 .04 

Alkalies 98 .90 .25 

Water (loss on ignition) . . 8.80 13.40 

Total 100.66 ^52 99.81 

Fluxes 2.70 2.15 

Specific gravity 2.58 2.27 

From the rational analysis we oet the following : 

Clay substance 00.14 93.24 

Quartz 15.01 

Feldspar 18"^ ^ ^'^ 



.01 I 
.91/ 



It is plain that the effect of the washing has been to eliminate the 
percentage of quartz and feldspar and relatively increase the clay sub- 
stance nearly 30^. Of the flnxes only the alkalies have been decreased. 

KAOLIN IN MACON COUNTY. 

Xear Wests Mill. — On the land of Geo. Brindel, near Wests 
Mill, is a deposit of kaolin of remarkable whiteness, which burns to a 

* Comi>08ition of Clay Bubstance of 54 : 

Silica 60.60 Alumina 84.24 Ferrlooxide 074 

Lime 0.86 Magnesia 0.01 Alkalies 0.10 

Water 18 86 
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pure white color, showing its excellent quality. It is very fthe-grained, 
free from grit, and shows a few scattered white mica scales. It slakes 
slowly but thoroughly. 

The addition of 31^ of water gave a workable paste of the usual lean 
character. The bricks made from this paste shrunk Q^ in drying and 
6.^ in burning, giving a total shrinkage of 12^. The air-dried bri- 
quettes had an average tensile strength of 15 lbs. per square inch and 
a maximum of 18 lbs. Incipient fusion occurs at 2300** F., vitrifica- 
tion at 2600** F., and viscosity at over 2700** F. The clay burns to a 
pure white body. 

The following analysis of the unwashed sample shows its remarkable 
purity: 

AnalytU of Kaolin (No, 69) from Geo. BrindeVi land, near We$U Mill. 

Crude kaolin. Insoluble residue. 

Silica (total) 53.10 15.23 

Alumina 33.06 0.07 

Ferric oxide 1.18 0.46 

Lime 0.38 

Magnesia 0.08 .... 

AlkaUes 0.83 0.80 

Water Goss on ignition) 11.32 



• • 



Total 90.95 16.56 

Total fluxes 2.47 

Specifle gravity 2.31 

From the above we get : 

Clay substance 83.39 

Quartz 14.98 

Feldspar 1.58 

Subtracting the second column from the first, we get the composition 
of the clay substance, which, in the second of the two following col- 
umns, is recalculated to 100. The clay substance, it will be seen, is 
nearly pure kaolinite, but with a slightly greater amount of alumina 
in proportion to the silica than is called for by the formula of kaolinite: 

Compoiition of Clay Subeianee in Kaolin from WesU Mill, 

Silica 37.87 45.41 

Alumina 32.99 39.56 

Ferric oxide 0.72 0.86 

Lime 0.38 0.45 

Magnesia 0.08 0.09 

Alkalies 0.03 0.03 

Water (loss on ignition) 11.32 13.58 

83.39 99.98 



64: CLAY* DEPOSITS IX NORTH CAROLINA. 

KAOLIN IN MONTGOMERY COUNTY. 

Xear Troy. — Considerable quantities of kaolin have recently been 
discovered 4 miles west of Troy, Montgomery county. 

From the various outcrops two samples were tested. 

The first sample forwarded (No. 64) was a darker kaolin. This was 
a fine-grained, gritty clay, which passes almost entirely through a 60- 
mesli sieve. It slakes easily and quickly to fine grains. 

The sample when washed yielded a residue of 40;^, which is probably 
somewhat larger than would 1)e obtained in actual practice, and this 
w^ashed kaolin required 30^3^ of water to produce a workable paste that 
was lean to the feeling. This paste shrunk 3^' in drying and an addi- 
tional 10^ in burning, giving a total shrinkage of IS^. The average 
tensile strength of air-dried briquettes was 9 lbs. per square inch with 
a maximum of 12 lbs. per square inch. Incipient fusion occurred at 
2100° F., vitrification at 2300° F., and viscosity at 2500' F. 

The clay burns to a very pale buff. 

The second sample forwarded was a white kaolin (No. 68) and does 
not possess the grayish tint which the other does. It shrank 3^ in dry- 
ing and 9^ in burning, giving a total shrinkage of 12j^. The air-dried 
briquettes had an average tensile strength of 10 lbs. per square inch 
with a maximum of 12 lbs. Incipient fusion occurs at 2100** F., vitri- 
fication at 2300** F., and viscosity at 2500° F. The kaolin burns to a 
deeper buff than the preceding one. 

The coloration of these two kaolins is against their use for white- 
ware, but they might be used for higher grades of stoneware, encaustic 
tiles, or in the bodv of refractorv' wares for laboratorv use. 

The crude white kaolin was at first tested, as its snow-white color 
suggested that it might burn white and to a dense body without further 
treatment. The results obtained were so similar to those of the washed 
w^hite kaolin that they are simply given in the appended table. The 
tensile strength of the crude material was a few pounds greater and the 
shrinkage in burning three per cent. less. 

An examination of the following analyses indicates the rather high 
iron percentage which accounts for the color of the burned clay. A 
comparison of the analysis of the washed and crude kaolin also points 
out that the percentage of sand has been reduced, but none of the iron 
removed. 

In the following analyses Xo. 64a represents the darker kaolin (crude) 
from 4 miles west of Troy, No. 04 this darker kaolin washed, and No. 
68 the white kaolin washed from the same locality^! 
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Analysei of Kaolin 4 mile9 W. of Trop, Montgom&ry Oo. 

No. 64a. No. 64. No. 68. 

Moisture 48 .53 .75 

SUlca 90.13 86.03 63.10 

Alumina 4.99 6.46 23.33 

Ferric oxide 1.86 2.14 2.97 

Lime 13 .17 .16 

Magmesia 01 .Oi .09 

AlkaUes 1.03 1.00 1.90 

Water (loss on ignition) 1.93 2.90 7.65 

Total 100.56 99.27 99.94 

Insol. residue 85.85 78.54 41.08 

Total fluxes 3.03 3.35 5.11 

Specific gravity 2.47 2.32 2.34 

Analy9e$ of insoltible rendtie from the ahove. 

No. 64a. No. 64. No. 68. 

Silica 84.64 77.26 38.26 

Alumina 20 .30 .86 

Ferric oxide 37 .26 * .46 

Alkalies 64 .73 1.62 

85.86 78.54 41.08 

From the above, by a rational analysis, we get the percentages of the 

nineral ingredients as follows: 

Mineral Compoiition of Kaolin 4 miUs W. of Troy, N. C. 

No. 64a. No. 64. No. 68. 

Clay substance 14.71 20.83 58.92 

Quartz 83.94 76.20 36.27 

Feldspar 1.91 2.34 6.81 

Composition of the clay substance in the above. 

No. 6la. No. 64. 

Silica 38.58 43.46 

Alumina 33.66 30.04 

Ferric oxide 10.46 9.30 

Lime 91 .84 

Magnesia 07 .19 

Alkalies 2.70 1.33 

Water (lost on ignition) 13.56 14.35 

99.94 99.51 

KAOLIN IN RICHMOND COUNTY. 

Near Bostick. — Considerable residual kaolin Las recently been 
found on the property of Robert W. Steele, near Bosticks Mills, 14 
miles north of Rockingham, Richmond county. A number of test 
pits have been sunk and the exploitations indicate the presence of an 

6 



66 



CLAY DBPO&rrS IX NORTH CABOHNA. 



abundant amount of material. The deposit could be readily trans- 
ported to market. It is two miles from the end of a lumber railroad, 
and after hauling to this point the lumber company would transport it 
to the railroad at Hoffman, a distance of 12 miles, for not exceeding 
50 cents a ton; or this timber railroad could be extended easily and 
cheaply to the kaolin deposit. 

The first point at which the kaolin appears is one mile south of B«t- 
ick P. O and near Christopher Bostiek's cabin, where it crops out for 
a distance of fifty feet in a ditch by the roadside. It is next wen 
on the opposite aide of the road, at base of hill, but between these two 
exposures is a red clay resulting from the decomposition of schistose 
rock. 

Just east of the first-mentioned exposure, and in the woods about 100 
feet from the road, a test pit four feet square has been sunk (No. 21). 
This showed IJ feet overburden and then 3 feet kaolin. The pit had 
been sunk 10 feet through kaolin, but had caved in. About 30 feet 
from this another pit was sunk to a depth of 12 feet. This also shows 
the kaolin from one foot below the surface down to the bottom (No. 20). 
Several other small pits have been liunk within a radius of 75 feet, and 
all penetrated the kaolin. The material is fine-grained, with compara- 
tively few angular fragments. There are scattered stains of iron, but 
these may disappear with depth. 

Another series of pits (No. 22") have been sunk on i[r. Chapel's land, 
one mile due west of No. 21. These pits were sunk to a depth of 10 
feet, and the kaohn appeared at 18 inches from the surface and con- 
tinued to bottom of pits. This kaolin is whiter than that at 21. Be- 
tween the two deposits there is a shallow valley, and it is not known 
whether 21 and 22 are portions of one vein or not. 

Samples of Nos. 20, 21 and 22 were tested in their crude condition, 
and Nos. 20 and 22 were also washed. 

No. 20 is a fine-grained kaolin with little coarse grit, which slakes 
slowly but completely to a fine-grained mass. It required 27.7!^ of 
water to give a workable paste, which shrank i^ in drying and 9< in 
burning. Incipient fusion occurs at ^2.^0° F., vitrification at 2500° F., 
and viscosity at 2700° F. The average tensile strength of air-drie3 
briquettes was 10 lbs. per square inch with a maximum of 14 lbs, per 
square inch. The clay burned to a dense body with slightly yellowish 
tint. 

No, 31 slaked the same as 20. It required 26^^ of water to make a 
workable but lean paste, which shrunk 3.5!^ in drying and 8j( in burn- 
ing. Incipient fusion occurred at 2300° F., ^-itrifieation at 2500° F., 
and viscosity at 2700' F. The clay bums to same tint as No, 20. Its 
average tensile strength was 13 lbs. per square inch, with a 
of 16 lbs. per square inch. 
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No. 22 is a somewhat porous, fine-grained white clay with compara- 
tively little grit, which slakes slowly but completely to fine grains. 

It required 27.7^ of water to make a workable but lean paste. This 
paste shrunk 4^ in drying and an additional 8^ in burning. The aver- 
age tensile strength of the air-dried briquettes was 15 lbs. per square 
incli with a maximum of 16 lbs. 

Incipient fusion occurs at 2250** F., vitrification at 2450" F., and vis- 
cosity at over 2700° F. 

The following analyses of these three samples (crude kaolin) were 
made: 

Analyses of Kaolin near Boitieks Mills, 14 miles N, of Rockingham, Richmond Co, 

Crude 

KaoliD. 

SlUea 68.15 

Alumina 19.90 

Ferric oxide 1.86 

Lime 13 

Magnesia 16 

Alkalies 2.85 

Moisture 17 

Water (loss on ignition). 4.70 



No. 21. 




No. 20.* 




No. 22. 


Insol. in 


Crude 


Insol. in 


Crude 


Insol. in 


H.SO* etc. 


Kaolin. 


HaSO* etc. 


Kaolin. 


HaS04 etc. 


47.45 


70.63 


48.10 


73.70 


62..S3 


1.70 


21.81 


3.24 


16.03 


• • • • 


.20 


1.49 


.56 


1.57 


• • • • 


• • • • 


.20 


• • t • 


.38 


• • • • 


• • • • 


.29 


• • • • 


.47 


• • • • 


1..S5 


1.45 ^ 


Na,0.72 ] 
^K,0.24 J 


^ 1.90 


• • « • 


• • • • 


.08 


• • • • 


• • • • 


• • • • 


• • • • 


4.(H 


• • • • 


4.33 


• • • • 


50.70 


99.99 


52.86 


98.38 


62.33 


• • • • 


3.43 


• • • • 


4.32 


.... 



Total 98.01 

Total fluxes 5.00 

Specific gravity 2.52 2.41 2.43 

From the above we obtain the mineralogical composition of the 
kaolins as being: 

Mineral composition of Kaolin near Bostieks Mills, 



No. 21. 

Clay substance 49.30 

Feldspar 9.20 

Quartz 41.50 



} 



No. 20. 


No. 22. 


47.14 


36.05 


16.13 ) 
36.73 ' 


62.33 



A 5-lb. sample of No. 20 was washed. The settlings amounted to 
40^, which is probably somewhat larger than would be obtained in 
actual practice. The washed kaolin required 26^ of water to give a 
workable paste that was lean but smooth. This paste shrunk 3^ in 

•Composition of Ciay Substance of No. 20: 

Silica 47.88 

Aiumina 39.O4 

Ferric oxide 1.90 

^l™o 0.42 

Magnesia 0.60 

Alkalies ].04 

Water 8.68 

99.46 
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drying, and there was an additional shrinkage of 9^ in burning. In- 
cipient fusion occurred at 2250** F., vitrification at 2450" F., and 
viscosity at over 2700" F. There was a faint yellowish tint to the 
burned ware. 

Sample No. 22 was also washed. The washed material was 35j< of 
the original mass. It required 29!?^ to give a lean but workable paste 
that shrunk 4^ in drying and 7^ in burning, giving a total shrinkage 
of 11^. The air-dried briquettes had an average tensile strength of 
8 lbs. per square inch and a maximum of 11 lbs. Incipient fusion 
occurs at 2250" F., vitrification at 2450" F., and viscosity at over 2700° 
F. The clay when washed was pure white, but when burned had the 
faintest yellow tint. 

-.'Vn analysis was made of the washings from No. 20 and yielded the 
following percentages: 

Analym of Woihings from Kaolin {No. 20), near Boiiieks Mills, 

Total portion. Insoluble portion. 

Silica 71.12 44.38 

Alumina 19.61 .15 

Ferric oxide 2.18 .37 

Lime 17 

Magnesia 08 

Alkalies 2.48 .77 

Water (loss on ignition) 4.33 



Total 99.97 45.67 

From the above we get the following: 

Mineral compoiition of washings from tJie Bosiick Kaolin No, 20. 

Clay substance 54.30 

Quartz 43.85 

Feldspar 1.82 

Composition of clay substan^ from the Bostick Kaolin^ sample No, 20. 

Silica 49.33 

Alumina 35.90 

Ferric oxide 3.15 

Lime 31 

Magnesia 14 

Alkalies 3.15 

Water (loss on ignition) 8.00 



Total 99.98 

USES OF THE NORTH CABOLINA KAOLINS. 

The foregoing teste of the kaolins from several localities are to be 
looked upon as verv- promising, for they indicate the presence of much 
material of a high grade. 
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It would be possible to make comparisons of the Xorth Carolina 
kaolins with those from other localities, but such comparisons have 
Kttle practical value, unless the chemical and physical characters of 
each clay are known. Many ultimate and rational analyses of foreign 
kaolins have been published, but few physical tests are given.' 

As a matter of interest, some of the North Carolina kaolins may be 
compared with celebrated foreign ones which are used in the manu- 
facture of the highest grades of porcelain. 

In the following columns the analyses, No. a (53) and Xo. 6, are 
those of washed kaolin from the mine of the Harris Clay Co., the first 
analyzed by Chas. Baskerville, the second by C. Langenbock.' Number 
c is an analysis of the well-known kaolin from Zettlitz, near CarUbad, 
in Bohemia. 

Analyies of Kaoliru : Webster, N. C. (a and h) and ZetUiU (e). 

No«. a ra't. 
Sniea 45.70 

Alumina 40.61 

Water doss on ignition) 8.98 

Ferric oxide ISiU 

Lime 45 

Magnesia fiO 

AUtalietj 2.82 



No. h. 


No. e. 


45.80 


40.82 


31^.20 


38.40 


13.11 


12.80 


.40 


1.09 


.45 


« • • « 


.15 


tr. 


.if2 


1.40 



irjTj.fM VK)M vnm 

The washed white kaolin from 4 miW;s wcHt of Troy, \. (/. (So, fiH), 
is interesting to compare with a German kaolin from S<'iin^witz, twar 
Halle, (d) and which is used at Berlin for the manufactiin' of porcelain/ 
The two are very similar in their ultimaii; /'ompo-^itiori, but disagree 
strongly when their rational analvr/rw are <^'orfip;in*d. 

Analf$es of Kaolin fr^m Tr^, N, (], (PjH) and fknntfwUz, Ufrmany ^d). 

So, fM. No. n. 

Moistnre 75 . . , . 

SIHoa i-i'.M} MXl 

Altimlna *j:%X% 'IZM 

Water 'I'r** on i?ni-i'.n' 7.^J5 ^*^A 

r*rrri^: oi:de 2.J/7 .>CJ 

Uzr.^ )T, 

Mizi:«r*fa fKf M 

AlkAlif^ \',iff IZd 



'.f^9 Ui 119.78 

C:-: *■,^•* ^:.'« r/'^.ifi e3.77 

V-^.-z 'i'27 35JS0 

^'l-;:- '^J .78 
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The North Carolina kaolins, which contain under one per cent, of 
ferric oxide, are perfectly well adapted to the manufacture not only of 
white earthenware, but also of the best grades of porcelain. Those 
with 1^ to 2^ of ferric oxide could no doubt be used for lower grades 
of white earthenware, while those containing 2 to 2^^ of ferric oxide 
might be utilized for mixing with fire-clays in the manufacture of 
refractory apparatus. 

Kaolin containing very little grit, which would be the case when it 
had a very large percentage of clay substance, is eagerly sought after 
by paper manufacturers. Kaolin is also used in the manufacture of 
ultramarine. For this purpose it should be as low in iron and lime 
as possible. An excess of silica is undesirable, but if too little is 
present it may be added in the form of finely powdered quartz. 



CHAPTER VI. 

POTTEKY CLAYS IN NORTH CAROLINA. 

THE POTTEBY INDUSTRY. 

The pottery industry of North Carolina has thus far been confined 
entirely to small potteries of perhaps 25,000 gallons annual capacity, 
whose trade is mostly local. There are between forty and fifty, of these 
small potteries in the state, and most of them are located near Jugtown 
and Blackburn in Catawba county, and Henry in Lincoln coimty. 
There are others scattered over the state, as at Wilkesboro, Wilkes 
county, two miles north of Morganton, Burke county, and several 
other localities. 

All of the potteries in Lincoln and Catawba counties obtain a large 
amount of their clay from the lowlands along the Clarke river (south 
fork of Catawba) two miles north of Lincolnton, some of them having 
to haul it 14 miles. They pay 50 cents a ton for it, and generally haul 
the clay on their return from a peddling trip, when their wagons would 
otherwise be empty. 

The clays used for pottery purposes in North Carolina are the finer 
aluminous sediments underlying the river terraces to be found in many 
of the broader valleys, and the better ones are generally found near the 
shore line of the terrace. These terrace deposits of fine-grained, plastic 
clay are common, and with an increasing demand for pottery clays 
in the state, an abundance of the necessary material will probably be 
found close at hand. 

In addition to the clay deposits underlying the terraces along Clarke 
river, especially north of Lincolnton, which have already been men- 
tioned, the Catawba river, which flows by Morganton and Catawba, 
and thence southward past Mt. Holly, has also a marked terrace devel- 
opment; and the clays north of Morganton have already been used for 
pottery manufacture. 

A third series of deposits of terrace clays is to be found along the 
Yadkin river. 

Those at Wilkesboro emphasize the importance of making a rather 
thorough search for the proper kind of clay, for the material found 
there at one point is only suitable for brick, while one-quarter of a mile 
further it is eminently plastic, smooth, and bums to a dense hard body, 
just such as is needed for stoneware. 
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B£QTJISITE8 OS A FOTTEAY CLAY. 

This term is meant to include the lower grades of earthenware mi 
stoneware clay. For common earthenware, such as flower^pots, almost 
any red-burning, plastic clay will siitlicc, if it jHTinilw turning on the 
potter's wheel and burns to a good red but not vitrified body. 

It is also possible to make a very serviceable grade of earthenware 
from calcareous clays, with up to 20 or 30 per cent, of calcium car- 
bonate (provided it is finely di\-ided and evenly distributed through the 
clay), and cover the ware with an easily fusible glaze of clay, clay and 
lead, or a mixture of fusible compounds. The majolica wares made in 
Italy and Germany are made from such clays. 

Stoneware clays require a little more attention. 

They should posses* good plasticity in order to pcrmir molding or 
turning without cracking. 

Their tensile strength should be preferably not less than 125 lbs. or 
150 lbs, per square inch. 

They should not shrink excessively in bumiug, and should burn to a 
dense nitrified body at a temperature of 2000° F. or 2100° F. if pos- 
sible. The lower temperature of vitrification is of course an important 
item of economy. For the same reasons the clay should permit of rapid 
drying. It should also be smooth and as free from grit as possible. 

The fluxing impurities in a stoneware clay should be sufficiently high 
to produce a vitrified body. Iron is a desirable coloring ingredient. 
IJme, if in small amounts, 2-Z'/, is not very objectionable, but a laige 
percentage may bleach the iron color, decrease the shrinkage and in- 
crease the fusibility. Calcium sulphate is imdesirable, for its dissocia- 
tion at high temperatures may cause blistering. 

It is frequently found that better results can be obtained by 
mixing two different clays, the one furnishing stiffness and low shrink- 
age, the other plasticity and easier fusibility. This is done by all of 
the North Carolina potters, the two clays which they use being mixed 
in equal proportions, although in their case the chief difference of the 
clays used is in plasticity and stiffness. 

Clays for making yellow ware are generally low grade fire-clays 
which burn to a buff color. They are usually washed to eliminate any 
coarse sand and pmte nodules which they may contain. This is gen- 
erally done in a circular vat or " blunger," in which there revolve 
stirrers, as mentioned under "The Preparation of Kaolin" (page 54). 

Yellow ware is first molded and burned to incipient fusion, the trans- 
parent or opaque glaze applied and the ware burned again. 

Some of the shale clays associated with the coal seams in North 
Carolina might answer for this purpose, but they have not yet been 
tested. I 
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STONEWARE MANUFAGTTJBE. 

The methods at present employed within the State are somewhat 
crude, but best adapted, perhaps, to the size of the plant and available 
capital. 

The clay is mixed in a vertical box, in which there is set a shaft with 
iron cross-pieces. This shaft is turned by horse-power, and the clay 
becomes mixed by the action of the iron arms. Before molding, the 
clay is further wedged. It is tempered to quite a soft paste, whose 
total shrinkage in drying and burning is 20-2 5;i^, according to the potters. 
The molding is done on the old-fashioned " kick-wheel," and the green 
ware dried on shelves set over a long, low, hot-air flue in the centre of 
the room. 

The wares are burned in a long, low kiln resembling a muffle in 
form. The glaze is either old glass or furnace slag ground fine and 
applied in the form of a slip. The glass is put on the wares set in the 
upper end of the kiln, as it melts easier, while the ware set in the lower 
end of the kiln is coated with the ground slag. 

If a pottery clay possesses all the requisite chemical and physical 
characters but is gritty, it is often possible to remove the grit by wash- 
ing. This is best done in a circular tub in 'which there revolve stirring 
arms, as mentioned under the head of kaolin washing. The water, with 
suspended clay, is drawn off and the latter allowed to settle in tanks. 
The clear water is then drawn off and the clay can be dried by steam 
or in the sun. Sandy clays will dry quicker, but they do not bum to 
as dense a body. 

None of the North Carolina potters use Albany slip for glazing their 
ware. If they did the product would be far more sightly than it is 
now. The crude glaze which they use is cheap, but it cracks very 
soon. With a little experimenting of the proper nature it would be 
possible to find glazes adaptable to the clays now being used. This, 
together with the application of improved methods and some care, 
would enable the North Carolina potter to put a far better grade of 
ware on the market, and sell it at a correspondingly increased price. 
At present nearly all of the earthenware and stoneware used in the 
larger towns and cities of North Carolina comes from other states. 

The molding is all done by hand, and in the present state of the 
industry plaster molds have not been deemed necessary. 

As has been already stated, many of these river clays are well adapted 
to stoneware manufacture, and would give a far better product than is 
now being made. Their temperature of vitrification is also high enough 
to bear the application of Albany slip as a glazing material. 

The Albany slip is an impure fusible clay found in the Hudson river 
valley in New York state. It vitrifies at 1800° F. and forms a brown, 
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evenly colored coat. No other clay has yet been found which haa thew 
qualities of Buch constancy. 

In larger stoneware factories the kick-wheel ia found inBoffiaent. 
For the ordinary aymnietrical shapes a common potter'a wheel can be 
used, operated by steam power. Crocks, jugs and similar articles are 
molded on this, the potter throwing a liunp of clay on the revohmg 
wheel and then deftly worlcing it up into the desired form simply by 
using 




Many articles are molded on a jolly wheel. With this a plaster of ' 
Paris mold is used to form the article. The mold is set on the wheel [ 
and, while being revolved, a lump of the tempered clay is thrown into ■ 
it and worked out in a thin layer over the interior surface of the mold. | 
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The mold is then set aside to dry, and the clay shrinks from the mold 
and hardens sufficiently to be lifted out. Fig. 2 shows a jolly made 
by the Turner, Vaughn <fe Taylor Co., of Cuyahoga Falls, Ohio. 

The speed of drying depends on the clay. If possible, the drying is 
done in a steam-heated room for a number of hours until the ware is 
dry enough to be burned. If slip glaze is used the ware has to be 
first dipped into it and once more dried before burning, but if salt glaze 
is used the ware is put directly in the kiln. 

The quicker the drying and burning which a clay will permit with- 
out cracking the more economical it is to use it. 

Very plastic clays have to be dried slowly to prevent cracking, but 
this difficulty may be overcome by the admixture of more sandy ones. 

Burning may be done in circular kilns, which are either up-draft or 
down-draft in their action. The burning and cooling take from 5-8 
days, depending on the clay. 

The water-smoking can generally be carried on rapidly, but the cool- 
ing should not be hurried, to avoid cracking. 

POrPERY INDUSTRY IN BURKE COUNTY. 

Near Morqanton. — Three miles north of Morganton is the North 
Carolina pottery, at present inoperative, but the plant is one of the 
largest in the State. The clay which it is claimed was alone used is 
on Manly McDowell's property, li miles west of Morganton and along 
the road, an eighth of a mile from the Catawba river. 

This clay (No. 51) directly imderlies the terrace surface and is a fine- 
grained, gritty, soft clay, overlain by 18 inches to 2 feet of yellow loam. 
The bed of clay is 6-7 feet thick. 

The addition of 36^ of water gave a stiff, somewhat smooth, but 
rather lean mass, which shrunk 9,6^ in drying and 4.5;^ in burning, 
giving a total shrinkage of 14.1^. 

The air-dried briquettes of this clay had an average tensile strength 
of 60 lbs. per square inch with a maximum of 81 lbs. 

Incipient fusion occurs at 1950** F., vitrification at 2100" F., and 
viscosity at 2250** F. The clay burns red. 

The analysis of the clay is as follows: 

AnalyiU of Pottery Clay {No. 51), Manly McDoweWa^ near Morganton, 

Moisture 1.68 

Silica (total) 69.58 

Alumina 14.03 

Ferric oxide 6.41 

Lime 40 

Magnesia 27 

Alkalies 1.65 
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Water (loss on ignition) 6.73 

Total 99.75 

Clay substance 45.47 

Free sand , 54.28 

Total fluxes 8.73 

Specific gravity 2.69 

. It is manifestly impossible that pottery could have been made from 
this clay alone, on account of its low binding power, and a more plastic 
material must have been mixed with it. 

POTTERY INDUSTRY IN CATAWBA COUNTY. 

Near Blackburn. — Many of the potters, especially those at Black- 
burn, use a highly plastic, dark-colored clay obtained two miles north- 
west of Blackburn on the property of M. Finger. This clay is smooth, 
dense, and slakes slowly to irregular, scaly flakes. There is a noticeable 
amount of organic matter present in it. 

The addition of 30^ of water was required to give a workable mud, 
which was very plastic. This paste shrunk 12^ in drying and an addi- 
tional 7^ in burning, giving a total shrinkage of 19^. The briquettes 
made from this clay had when air-dried an average tensile strength of 
148 lbs. per square inch and a maximum of 200 lbs. Incipient fusion 
occurred at I960*' F., vitrification at 2100*' F., and viscosity at 2250** F. 

The clay bums to a grayish brown body of good density. 

The analysis of the clay is as follows: 

AnalysU of Pottery Clay (No, 60), 2 miUs N, W, of Blackburn. 

Moisture 2.08 

Silica (total) 50.17 

Alumina 28.77 

Ferric oxide 2.88 

Lime 05 

Magnesia 22 

Alkalies l.Oi 

Water (loss on ignition) 14.03 

Total 99.24 

Clay substance 73.19 

Free sand 26.05 

Total fluxes 4.19 

Specific gravity 2.35 

The high percentage of loss on ignition is due to the several per cent, 
of organic matter in the clay. This also increases the plasticity and 
adds somewhat to the air shrinkage. 
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POTTERY INDUSTRY IN LINCOLN COUNTY. 

Near Lincolnton. — The clay along the Clarke river, northwest and 
north of Lincolnton, supplies nearly fifty potters in Catawba and Lin- 
coln counties. 

The material is a fine-grained gray clay with occasional yellow iron 
stains. Two samples were tested, No. 61 from the pits at end of lane 
on T. Rhodes', property two miles northwest of Lincolnton, and No. 49 
from about one-quarter mile farther up the river. 

No. 61 is a fine, gritty clay with scattered mica scales. It slakes 
slowly. The addition of 35^ of water gave a smooth, very plastic mass 
which shrunk 10;^ in drying and 7^ in burning, giving a total shrinkage 
of 175(^. The air-dried briquettes of this clay had an average tensile 
strength of 167 lbs. per square inch and a maximum of 186 lbs. 

Incipient fusion occurs at 1900** F., vitrification at 2100* F., and 
viscosity at 2300** F. 

The clay burns to a dark red body. 

This clay is not as plastic as that obtained northwest of Blackburn, 
nor is its tensile strength ahvays so great, as will be seen from the tests 
of the next sample, but it is a good material for common stoneware. 

The analysis of the clay is as follows: 

Analyns of PotUry Clay (No, 61), T, Rhodes' land, 2 mile$ N. W. of Lincolnton. 

Moisture 2.10 

Silica (total) 57.20 

Alumina 24.82 

Ferric oxide 3.25 

Ferrous oxide 1.42 

Lime 73 

Magnesia 13 

Alkalies 93 

Water (loss on ignition) 8.25 

Total 98.83 

Clay substance 62.27 

Free sand 36.67 

Total fluxes 6.46 

Specific gravity 2.51 

Sample No. 49 from the pits on T. Khodes' property is finely gritty 
clay which slakes slowly but completely. It required the addition of 
40^ of water to make a workable paste, which was very plastic to the 
feel. This paste shrunk 9.5^ in drying and 5.5;^ in burning, giving a 
total shrinkage of 15<t. The air-dried briquettes made from this mud 
had an average tensile strength of 133 lbs. per square inch and a max- 
imum of 168 lbs. 
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Incipient fusion occurred at 1900** F., vitrification at 2100° F., and 
viscosity at 2300' F. 

The clay bums reddish white at 1900** F. and deep red at 2100* F. 
The composition of it is as follows: 

Analysis of Pottery Clay (No. 49), Rhodes' land, 2i miles N. W. of lAncolnton. 

Moisture 69 

SlUca (total) 57.08 

Alumina 26.11 

Ferric oxide 4.G4 

Lime 20 

Magnesia 16- 

Alkalies 1.42 

Water (loss on i^ition) 8.52 

Total 98.82 

Clay substance 62.76 

Free sand 35.96 

Total fluxes 6.42 

Specific gravity 2.53 

POTTERY INDUSTRY IN WILKES COUNTY. 

Near Wilkesboro. — At the west end of the village of Wilkesboro a 
small pottery has used the clay outcropping at the fork of the roads, 
and also drawn upon an additional bed in a field to the north. . 

That dug along the road is a light bluish-white clay, tough, and con- 
taining small amounts of fine grit. This is used to furnish stiffness to 
the potter's mixture, while that from the field across the road furnishes a 
bond in burning. 

The stiff clay (Xo. 34) is fiue-grained and contains little mica. It 
slaked slowly and required the addition of 40^ of water to make a work- 
able paste, which was slightly plastic. This shrunk 7.5^^ in dry- 
ing and 12^ in burning, giving a total shrinkage of 19. 5J^. The air- 
dried briquettes had an average tensile strength of 51 lbs. per square 
inch and a maximum tensile strength of 63 lbs. per square inch. 

Incipient fusion occurred at 1900° F., vitrification at 2060** F., and 
viscosity at 2200°" F. The clay bums red and dense. Its composition 
is as follows: 

Analysis of Pottery Clay {No, 34), near Wilkesboro. 

Moisture 1.28 

Silica (total) 54.38 

Alumina 27.27 

Ferric oxide 5.48 

Lime 45 

Magnesia 41 
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Alkalies 68 

Water Goss on ignition) 9.78 

Total 99.73 

Clay substance 75.73 

Free sand 24.00 

Total fluxes 7.02 

Specific gravity 2.37 

he north of this locality one-half mile and underlying the broad, 
^er terrace along the Yadkin river, is a large deposit of clay on 
id of Calvin Cowles. A deep trench has been run across the 
;y, exposing the clay throughout its length, and samples were 
•rom this point. 

a fine-grained, smooth, dark-colored clay, containing very little 
It slakes slowly to grains and granules. 35j^ of water were 
d to give a workable mixture, which was very plastic. This 
[irunk lOj^ in drying and 5^ in burning, giving a total shrinkage 
The air-dried briquettes had an average tensile strength of 169 
r square inch, and the maximum tensile strength amounted to 
J. per square inch. Incipient fusion occurred at 1800° F., vitri- 

at 2000*" F., and viscosity at 2200° F. 

clay bums to a hard, dense, brownish-gray impervious body at 
F., and should make an excellent potter's clay. It required slow 

and heating to avoid cracking. The composition of it is as 



I • 



«w of Pottery Clay (^o. 35), yi mile north of Wilkesboro, C, Cobles' land. 

Moisture 2.20 

SUiea (total) 54.24 

Alumina 24.97 

Ferric oxide 4.83 

Lime 57 

Magnesia 70 

Alkalies 2.52 

Water (loss on ignition) 9.40 

Total 99.43 

Clay substance 67.08 

Free sand 32.35 

Total fiuxes 8.62 

Specific gravity 2.46 

is not unlike the clay at the pottery, but its finer grain, greater 
:age of alkalies, make it burn dense at a lower heat. 



CHAPTER VII. 

FIRE-CLAYS AND PIPE-CLAYS IN NORTH CAROLINA. 

FIBE-CLAYS. 

The fire-clay deposits of North Carolina are few in number as thus 
far known. They are either residual deposits or the wash from them. 
There are a number of siliceous clays in the State which at a moderate 
temperature burn to a cream-white or white color, and the bricks made 
from these clays are used for bakers' ovens and boiler foundations. 
They are called fire-brick, but are not such in the true sense of the word. 

Refractory clays occur at Pomona, Guilford county, and Grover, 
Cleveland county, and are mined at both places. 

While it is desirable that fire-clays should possess good plasticity and 
low shrinkage, the main point is the refractory character. A good 
fire-clay should be unaffected by 2500** F., but many good clays will 
not stand this degree of heat, nor is it required for the uses to which 
they are to be put. In general, it may be said that the fusible impuri- 
ties of a fire-clay should not exceed 3^ or 4 per cent, if it is fine-grained, 
or even less if it is very fine-grained, but if coarse-grained they may 
reach even 5J^. The clay on the railroad near Spout Springs, for 
example, has only 3.81;^^ of total fluxes, yet on account of its very fine 
grain it is by no means refractory. If a fire-clay shrinks too much in 
burning this may be often counteracted by the addition of "grog," 
viz., sand, ground fire-brick or other substances which would dilute the 
shrinkage. Fire-clays which are fat and plastic generally burn to a 
dense body, but crack considerably owing to their high shrinkage. 
This may be counteracted best by mixing burned clay of the same or 
some other kind with the fresh material. This burned clay or grog, 
should be burned as dense as possible before use. Fine-grained or pow- 
dered grog permits the brick to shrink more in burning than coarse- 
grained, and bricks with the latter generally stand changes of tem- 
perature better. Next to burned clay, quartz is the most important 
grog. 

If a fire-brick made only of clay and clay-grog still shrinks when 
placed in the furnace, sharp quartz grains should be added, as they have 
a tendency to expand on repeated heatings. Fine-grained quartz sand 
should in no case be added as it tends to act as a flux in burning. The 
addition of coarse quartz must also bo within limits, for if too large it 
loosens the stone by expansion. 
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A good fire-brick is sometimes made by mixing a non-plastic refrac- 
tory clay with a very plastic, dense burning semi-refractory one. 

Fire-brick are now mostly molded by hand and repressed. For a 
time many manufacturers molded their bricks in stiff mud or even dry- 
press machines, but most of them have returned to the old method. 

FIEE-OLAYS IN CLEVELAND COUNTY. 

Near Gbovek. — Surrounding the village of Grover is an extensive 
series of outcrops of a light bluish-gray sandy clay of variable depth 
and nature. In some pits it shows its residual character beyond a 
doubt, but at other points, if of residual origin, it appears to have 
been sorted over and compacted by water action. Two companies have 
mined this clay, the Grover Brick Company and the Powhatan Clay 
Manufacturing Company of Richmond, Va. 

The former company has one pit in a hollow along a stream three 
quarters of a mile due S. W. of Grover station. The upper three feet 
are loam with lumps of red clay, and under this come 6 feet of bluish- 
white sandy clay (No. 43). The Grover Brick Company make their 
white fire-brick from this. 

A sample of this (No. 43) shows it to be a gritty, fine to coarse, 
dense, tough clay, with abundant coarse quartz grains. It slakes slowly 
to irregular grains and scales. 

The addition of 32js^ of water gave a workable mass of moderate plas- 
ticity. This paste shrunk 10.6^ in drying and 6^ in burning, giving a 
total shrinkage of 16 M. The average tensile strength of the air-dried 
briquettes Avas 38 lbs. per square inch with a maximum of 42 lbs. 

Incipient fusion occurs at 2100** F., vitrification at 2300* F., and vis- 
cosity at 2500** F. The clay bums white at incipient fusion, but light 
buff at higher temperature. 

The white-burned brick made from this clay are sold as fire-brick. 
The composition of the clay is as follows: 

Analysis of Fire-clay (Ifo. 43), Qrover Brick Co,'s Eskridge pit. 

Moisture T6 

Silica (total) 68.28 

Alumina 18.83 

Titanium oxide 27 

Ferric oxide 2.60 

Lime 70 

Magnesia 13 

Alkalies 2.29 

Water (loss on ignition) 6.47 

Total 100.33 

A 
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Clay substance ^ 46.99 

Free sand * 53.30 

Total fluxes 5.72 

Speolflc gravity 2.57 

About 500 feet N. E. of the preceding is a second pit belonging to 
the Powhatan Clay Manufacturing Company of Richmond, Va. It 
is seven feet deep. They encountered the same bluish-white sandy 
clay, and at the bottom of the excavation fomid considerable dense, 
fine-grained plastic clay. 

The bottom clay (Xo. 44) which they mine was sampled and tested 
in order to determine its difference from the more sandv and commoner 
clay. It is a very plastic clay and freer from grit than the other. It 
slakes slowly and required the addition of 28^ of water to give a work- 
able mud, w^hich shrunk 8^ in dr^^ng and 5^ in burning, giving a total 
shrinkage of 13^. The average tensile strength of the air-dried bri- 
quettes w^as 39 lbs. per square inch with a maximum of 45 lbs. 

Incipient fusion occurs at 2100° F., vitrification at 2300"* F., and vk- 
cositv at 2600° F. The clav burns to a vellowish-white bodv. 

The analysis of the clav vielded as follows: 

Analysis of Fire clay {No, 44), Powhatan Clay Mfg, Co,, 8, W, of Oroter. 

Moisture 1.29 

Silica (total) 53.07 

Alumina 29.54 

Ferric oxide 1.27 

Ferrous oxide 1.00 

Lime 0.15 

Magnesia 0.14 

Soda 0.87 

Potash 1.28 

Water (loss on ignition) 9.93 

Total 98.54 

Clay substance ' 01.99 

Free sand 36.55 

Total fluxes 4.71 

Specific gravity 2.24 

The bricks made from this clay have the reputation of being free from 
discoloration. This is due partly to the low iron percentage, and partly 
to the fact that they are burned hard enough to oxidize the ferrous iron 
and prevent its being brought to the surface of the brick afterwards in 
solution and oxidized there to ferric oxide. 

The brick have had an extended use in many of the eastern cities. 

The clav (Xo. 45) in the otlior i)it of the Powhatan Clav Manufac- 
turing Compajiy, one-half mile east of Grover (see Plate V, fig. 2, 
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p. 59), is more like sample (44) from the pit of the Grover Brick 
Company. 

It is a mixture of fine and coarse white clay with abundant sand 
grains and much mica. In water it slakes very slowly. Thirty-one 
per cent, of water added to it gave a workable paste, which was lean 
and gritty and shrunk in drying and 4.5^ in burning, giving a total 
shrinkage of 8.5j^. The average tensile strength of the air-dried bri- 
quettes was 31 lbs. per square inch with a maximum of 36 lbs. per 
square inch. 

Incipient fusion occurred at 2150** F., vitrification at 2350"* F., and 
viscosity at 2550° F. The clay burns to a yellowish-white. 

Its composition is shown by the following analysis: 

AncUysis of Fire-clay (No. 45), PowJiatan Clay Mfg, Co,, yi mile E. of Oroter, 

Moisture 95 

SiUca (total) 04.13 

Alumina 22.36 

Ferric oxide 1.95 

Lime 10 

Magnesia 22 

Alkalies i S^^^ ^ 

i Potash 1.81 

Water Qoss on ignition) 5.98 

Total 98.48 

Clay substance 46.88 

Free sand 51.60 

Fluxes 5.07 

Specific gravity 2.61 

There are two more openings in the same deposit a short distance 
south of Grover. These clays around Grover are all good semi-refrac- 
tory clays, and they make an excellent yellowish-white brick; but their 
chief use up to the present time has been for the manufacture of light 
brick. These are molded on stiff-mud auger machines and repressed. 

The pit from which the residual clay No. 45 came is shown in fig. 2. 

FLBE-CLAYS IN GUILFORD COUNTY. 

Pomona Clay Bank. — The Pomona Terracotta Company has a 
deposit of white, very sandy, coarse-grained clay on its property which 
is used for the manufacture of fire-brick. Judging from the angular 
grains in its substance, as well as the abundance of prominent mica 
scales, it is probably a residual deposit which has been somewhat altered 
by wash. It occurs on the south side of North Buffalo creek and just 



84 OLAY DEPOSITS IN NORTH CAROLINA. 

east of the company's new factory. The available portion of it is three 
feet thick, for it then changes into a very sandy clay which possesses 
exceedingly low plasticity. The upper clay slakes very slowly to a 
granular, gritty mass. It required 26j^ of water to make a workable 
paste out of it, and this was lean. This paste shrunk lOj^ in drying and 
2^ additional in burning, giving a total shrinkage of 125^. Air-dried 
briquettes made from this paste had an average tensile strength of 47 
lbs. per square inch and a maximum of 49 lbs. per square inch. 

Incipient fusion occurs at 2150** F., vitrification at 2350** F., and vis- 
cosity at 2550' F. 

The clay burns red or buff, depending on the intensity of firing and 
oxidizing condition of the fire. Its chemical composition is as follows: 

Analysts of Fire-clay {No. 25), Pomona Terracotta Works. 

Moisture 98 

SlUca (total) 70.45 

Alumina 17.34 

Ferric oxide 3.16 

Ferrous oxide 33 

Lime 25 

Magnesia 22 

Alkalies 70 

Water (loss on ignition) 6.63 

Total 100.06 

Clay substance 48.26 

Free sand 51.50 

Fluxes 4.66 

Specific gravity 2.65 

The under clay (25a) is a very siliceous white clay that slakes slowlj 
and completely to irregular grains. 

Thirty-three per cent, of water added to it gave a workable but very 
lean mass which shrunk 3^ in drying and 3^ in burning, giving a total 
shrinkage of 6^. 

The average tensile strength of air-dried briquettes was 14 lbs. per 
square inch with a maximum of 16 lbs. Incipient fusion occurred at 
2200' F., vitrification at 2400' F., and viscosity at 2600' F. The clay 
burns to a gray buff. 

This clay is not used. Attempts have been made to mix it with the 
sewer-pipe clay, but it would not take the salt glaze. The trouble is 
probably similar to a case which Prof. E. Orton, Jr., cited to the writer 
from Ohio, the difficulty lying in the extremely siliceous nature of the 
clay, which does not possess enough alumina to unite with the silica 
and salt to give the glaze, which is a silicate of aluminium and sodium. 

The composition of this under fire clay is as follows: 
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Analysis of Clay (No, 25a), under the Fire-clay, Pomona Terracotta Worke, 

Moisture 1.17 

Silica (total) 70.15 

Alumina 15.51 

Ferric oxide 3.34 

Lime 83 

Maguesia 07 

Alkalies 3.75 

Water (loss on ignition) 5.14 

Total .09.96 

Clay substance 39.46 

Free sand 60.50 

Total fluxes 7.99 

There is probably much undecomposed feldspar in the clay, and while 
the total fluxes are high, the grain is so coarse as to raise the fusing 
point. 

WooDEOFFE Clay Bank. — ^Thos. WoodrofFe, of Greensboro, has a 
similar deposit of fire-clay about one mile north of the Pomona sewer- 
pipe works and along the same creek. It is likewise a very gritty, tough, 
dense, light gray clay, that slakes very slowly. Twenty-eight per cent, 
of water was required to make a workable mixture. This shrunk 9.3^ 
in drying and ^^ in burning, giving a total shrinkage of 13.3jf. Air- 
dried briquettes of the mud had an average tensile strength of 61 lbs. 
per square inch and a maximum of 56 lbs. per square inch. Incipient 
fusion occurs at 2100° F., vitrification at 2300° F., and viscosity at 
2500° F. 

If burned reddish when heated to barely 2100° F., or in reducing fire 
the clay remained white. This is the condition of the bricks manu- 
factured from this fire-clay at Pomona, but if the clay is raised above 
2100° F. and with an oxidizing fire the clay bums buff or red. 

The composition of the clay from Woodroffe's bank is shown by the 

following: 

Analysis of Fire-clay {No, 29), Woodroffe Bank. 

Moisture 1.43 

Silica (total) 71.60 

Alumina 15.27 

Ferric oxide 3.33 

Lime 17 

Magnesia 21 

Alkalies 2.12 

Water (loss on ignition) 5.40 

Total T99.53 

Clay substance 42.83 

Free sand 56.70 

Total fluxes 5.83 

Specific gravity 2.60 
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This closely approaches the Pomona Sewer-pipe and Brick Co.'s claj 
in composition. 

FIFE-CLATB IN NOBTH CABOUNA. 

Clays which are suitable for the manufacture of sewer-pipe shotild 
answer the following reqiiirementa: 

They should be plastit; to permit molding without cracking; they 
should have a tensile strength of 125-150 lbs. The clay should bum 
to a dense, hard, impervious body, of a red or deep red color. The diy- 
ing should permit of rapidity, and the ware should not warp or crack 
in doing so. The same may be said of the burning. 

All excess of fluxing impurities may render a clay so fusible that in 
burning it softens to such an extent as to lose its shape. It is a very 
common practice therefore to use a mixture of clays, the one fusible to 
form a bond in biiming, the other much lees so to preserve the shape 
of the ware. This is done at Pomona, for example. 

There should be a considerable but not excessive percentage of 
silica in the clay for the salt vapors to unite with and form the glaze. 
An excess of silica is detrimental, however, to the formation of a good 
glaze, for the latter is a silicate of sodium and aluminium, and conse- 
quently if there is an excess of silica and lack of alumina, a poor glaze, 
or perhaps none at all, may form. This is probably the case with the 
under fire-clay at Pomona, which for a while was mixed in with the 
pipe-clay. 

MAJfUFAOTUSE OF 8BWEE-P1PE AKD TILE. 

If shale or hard clay is used it has to be first ground in a dry pan, 
but with soft clays they can be put directly into the wet pan or cfaasec 
mill, which in a few minutes tempers each charge rapidly and thor- 
oughly. (Plate VT, fig. 2.) 

This method of tempering is far more thorough and quicker than a 
pugmill, although requiring more power. 

The tempered claj- is generally taken to tlie upper story of the fai^ 
tory by means of bucket elevators and discharged into the clay cylinder 
of the sewer-pipe press. (Fig- 3, p. 87, and Plate VI, fig. 1.) 

The press (fig. 3, page 87) consists nf two cylinders, an npper steam 
and a lower clay cylinder, and the ratio of their diameters is generally 
as 3 : 1. The clay cylinder is filled with clay, and the piston then forced 
downwards by tlie piston of the steam cylinder above, the piston rod 
of the two being continuous. This forces the clay out through the die 
at the bottom. When the clay in the form of a pipe has issued to the 
proper distance, the machine is stopped. If of small diameter the pipe 
is sometimes simply broken off, but for large pipe and usually small 
ones the pipe is cut off close to the mouth of the die either by means 
of a wire or else by an automatic knife edge located within the die. 
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The edges of tlie pipe are trimmed and tlie pipe are then set on the 
drying floor- 
Small diameter pipe can be dried comparatively fast, but large ones 
must be dried very slowly. 

Sewer-pipe are usually burned in circular kilns of doivu-draft pat- 
tern, which are from 16-25 ft. (rarely more) in diameter. The pipes 
are net on top of each other, and when there are several sizes they are 
nested. Figure 1 of Plate VII shows a circular down-draft kiln. 

The burning can proceed quite rapidly on account of the thinness 
of the ware. The salt is added to the fires when the temperature of 
the kiln has reached its maximum. 

Sewer-pipe should be free from blister, cracks and other defects. 
They should also be straight. 

Elbows and Y's are made by molding the clay in plaster molds, or 
in the ease of Y's and T's straight pieces of pipe are sometimes trim- 
med to fit together in the desired shape, and the parts cemented by slip. 
They have to be dried more slowly. Sewer-pipe are made from 2 to 
3i ft. in length, and in diameter from 3-30 inches. 

OUILFOKD OODNTY. 

Pomona Tekbacotta Co. 'a Woeks. — The Pomona Terracotta Com- 
pany has its works and clay pit^ at Pomona, three miles west of Greens- 
boro. The clays occur in the bottom of the flat valley along both sides of 
North Buffalo creek, and are practically of two kinds, a plastic pipe- 
clay, and a white quartzose clay, called a fire-clnj'. The pipe-clay is 
said to occur only on the north side of the creek and the fire-clay ou 
the south side. This ia true for the sewer-pipe company's pits, and they 
also claim it to hold true at other points above and below them on the 
creek. There are four pits opened up in the pipe-clay. In the first, 
or that nearest to the factory, there are five feet of dark clay, and two 
feet of red. The material from this pit furnishes one-half of the sewer- 
pipe mixture. That in the second pit is similar to the lower clay in the 
first, but is said to shrink less in burning. 

The upper red in the first pit (No. 27) is a lean, gritty clay, which 
requii-ed the addition of 30:^ of water to make a workable paste. In 
water the clay slakes quickly to scaly fragments. The clay shrinks 
10^ in drying and Q^ in burning, giving a total shrinkage of 16;^. The 
average tensile strength of the air-dried briquettes was 59 lbs. per 
square inch, with a maximum of 67 lbs. per square inch. Incipient 
fusion occurs at 2000° F., vitrification at 2150° F., and viscosity at 
2300° F. The clay burns to a brownish red. Its corapoeitiou is as fol- 
lows: 
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Analyiis of upper Pipe-clay (No, 27), Pomona Terracotta Co, 

Moisture 2.05 

Silica (total) 54.28 

Alumina 22.27 

Ferric oxide 8.45 

Ferrous oxide 1.33 

Lime 45 

Magnesia 18 

Alkalies 60 

Water (loss on ignition) 10.50 

Total 100.11 

Clay substance 67.57 

Free sand 32.51 

Fluxes 11.01 

Specific gravity 2.50 

The color of the fresh clay is evidently due to the high amount of 
hydrated ferric oxide or limonite. 

The under clay (No. 26) from this same pit is also a gritty clay, but 
more plastic. It slakes slowly to scaly fragments. Forty per cent, of 
water was required to make a workable mass, which shrunk 10^ in 
drying and 6^ in burning, giving a total shrinkage of 16^. The air- 
dried briquettes made from this material had an average tensile strength 
of 86 lbs. per square inch and a maximum of 103 lbs. Incipient fusion 
occurred at 2050" F., vitrification at 2250° F., and viscosity at 2460' F. 

The clay bums red. Its composition is shown by the following 

analysis: 

Analysis of under Pipe-clay {No, 26), Pomona Terracotta Co, 

Moisture 1.53 

Silica (total) 58.73 

Alumina 23.94 

Ferric oxide 3.71 

Lime , .05 

Magnesia 09 

Alkalies 1.25 

Water (loss on ignition) 9.80 

Total 99.10 

Clay substance 65.70 

Free sand 33.40 

Fluxes 5.10 

Specific gravity 2.52 

The clay in the second pit (No. 28) is a gray, gritty clay with numer- 
ous quartz grains, tough, moderately fine-grained, and slakes slowly to 
irregular granules. 
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It required the addition of 33^ of water to produce a workable mass, 
which, however, was quite plastic, but did not feel as plastic as- the 
tensile strength would suggest it to be. This mixture shrunk 8^ in dry- 
ing and S^ in burning. The average tensile strength of the air-dried 
briquettes was 145 lbs. per square inch, with a maximum of 160 lbs. 
per square inch. Incipient fusion occurred at 2000** F., vitrification at 
2200° F., and viscositv at 2400° F. 

The clay analyzed as follows: 

Analym of Pipe-clay (No, 28), 2nd pit Pomona Terracotta Co. 

Moisture 2.20 

Silica (total) 70.75 

Alumina 13.87 

Ferric oxide 5.01 

Lime 82 

Magnesia 29 

Alkalies 1.15 

Water (loss on ignition) 5.(X) 

Total 99.09 

• 

Clay substance 39.40 

Free sand 59.70 

Fluxes 7.27 

Specific gravity 2.51 

As these three clays serve different purposes in the manufacture of 
the sewer-pipe, it may be well to compare them. 

No. 26. Good plasticity. 

No. 27. Gives a better red in burning, and vitrifies at lower tem- 
perature. 

Xo. 28. Shrinks less and has better bonding qualities. The char- 
acters are summed up in the following table: 

Comparison of Pipe-clays, Pomona Terracotta Co, 
No. of 

the Tensile Temperature in F. DeRrees. 

Sam- Shrinkage. Strength. Incipient Vitri- Visoos- 

ple. Feel. Drying. Burning. Av. Max. Fluxes. Fusion, flcation. ity. 

26 Plastic 105^ 65^ 86 103 5.10^ 20.50o 2350° 2450« 

27 Lean \0% iS% .59 67 11.075^ 2000o 21.50o 2800° 

28 Very plastic 8^ :J^ 145 100 7.27^^ 2000® 2200° 2400° 

The clay as it is mined is thrown into cars which are run to the foot 
of an incline up which they are drawn by a cable to the factory. The 
clay mixture is put through the usual chaser mill, each charge being 
tempered about four minutes. It is then carried on an endless belt to 
the pipe press. In their old building the company has Barber sewer- 
pipe presses, and Penfield presses in the new works. There are several 
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stories of slatted drying floors in each of the two factories, and the heat 
is supplied by coils of pipe on the lower floor. The diameters of sewer- 
pipe made are the usual ones up to 24 inches in diameter, inside measure. 
A second grade of sewer-pipe of the same sizes, manufactured here, is 
now used largely as .a substitute for stone culverts at public road cross- 
ings. And in addition to these the company manufactures the follow- 
ing: Terracotta well tubing, 10 to 24 inches inside diameter, and 2 feet 
long; terracotta chimney flues; and farm drain tile 2^ to 12 inches in 
diameter. 

The burning is done in circular down-draft kilns, 26 ft. in diameter 
and 8i ft. high, with inclined grate bars in the fire-places. Soft clinker 
coal is used for fuel. There are 12 kilns altogether, with one stack 
for two kilns. (See Plate I, frontispiece, for a general view of the 
works.) 

Flue linings and semi-fire-brick are also made and burned in the same 
kilns. 

The company has an abundance of available clay, as it controls much 
land bordering the North Buffalo creek and has exploited the clay 
beds to a considerable extent. It has a complete modern plant, having 
recently more than doubled its capacity, and is turning out some excel- 
lent material. 



CHAPTER VIIL 

BRICK-CLAYS AND BRICK MANUFACTURE. 

GENERAL CHABACTEB OF BBICK-CLAYS. 

Clays suitable for the manufacture of common brick are so widely 
distributed in North Carolina that it is hardly necessary to say more 
here than to refer to the detailed descriptions of the more important 
occurrences. 

In North Carolina two kinds of clay are used: 

1. Residual clavs. 

2. Sedimentary clays. 

The residual clays are to be found all over the Piedmont plateau and 
mountain regions of the state, and their thickness depends on the depth 
to which the rocks have disintegrated, and also on the slope of the land, 
for on steep slopes the material is rapidly washed away. Residual clays 
are usually impure. Those around Greensboro, which are the most 
worked, showed from 8-12^ total fluxes. Owing to the high percentage 
of undecomposed mineral matter in some of them, they are generally 
gritty, sandy, and possess little plasticity. They frequently absorb a 
large amount of water in molding, which they have to give off again in 
drying, with the consequent danger of checking; this is especially apt to 
happen when the soft-mud process of hand-molding is used. Owing to 
their coarseness of grain the residuals do not fuse incipiently xmder 
2000°-2100° F., while the sedimentary clays generally reach the same 
condition at 1900° F. As very few of the smaller brickmakers reach 
a temperature of over lOSO"" F. in burning, the brick are generally 
underbumed, porous and weak. 

It has been noticed that when the^e clavs are molded in a steam- 

t.' 

power machine, especially a stiff-mud machine, which requires less water 
to be added to the paste, the resulting brick is smoother and denser. 
Having less water, it shrinks less in drying, and consequently there is 
less danger of cracking. The use of some permanent form of kiln also 
gives better results, as the heat can be better regulated. 

The sedimentary clays are found underlying terraces along the rivers 
or else in the valley bottoms, where they represent the accumulation 
of clay sediments in lakes or ponds. These clays are far preferable 
to the residual ones, for they burn dense at a lower temperature; they 
are more plastic, smoother, have greater tensile strength, and generally 
bum to a better color than the residual clays. 
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BEQTJISITES OF BBICK-CLAYS. 

The more impure clays are generally used for the manufacture of 
building brick. They should burn to a good red color, preferably at a 
temperature not greater than 2000° F. or 2100° F. They should have 
enough fluxes to cement the particles to a hard and dense body at the 
above temperature. From 6-7^ of iron is desirable, as this amount has 
generally been found to exert the best coloring action. A large amount 
of lime is undesirable, for it brings the temperatures of fusion and 
incipient vitrification too close together, although Seger has shown that 
with care a good brick may be made from a clay containing 20-26}^ of 
calcium carbonate. Its tendency, as pre^4o^lsly stated (chemical prop- 
erties of clays), is to lessen the shrinkage. If brick-clays contain lime, 
it should be finely and evenly disseminated, for if in lumps, these are 
apt to split the burned brick (see p. 21). 

Sand seems generally to decrease the plasticity and temjile strength, 
whether present in coarse grains as in the laminated black clay on the 
Cape Fear river at Prospect Hall, or in a finely divided condition as in 
the kaolin four miles west of Troy. It also diminishes the shrinkage to 
a variable extent. Indeed, sand is sometimes added to very plastic 
clays to facilitate molding and decrease the shrinkage in drying and 
burning. It should be borne in mind, however, that it is harmful to 
go to the other extreme and add too much sand, for the tendency is to 
produce a weak, porous brick, especially if hand-molded. 

Fine-grained clays and very plastic ones generally require slow dry- 
ing. The reason for this is that on account of the smallness of the pores 
the moisture cannot escape so readily, and the outer portion of the 
brick dries and shrinks quicker than the interior. The result is crack- 
ing. Rapid drying may be prevented somewhat by adding salt water 
to the clay; this is a common practice in portions of Missouri.* 

Fine-grained clays very often have to be heated slowly in the early 
stages of burning, although in the case of fine-grained clays with an 
abundance of fine sand they can generally be heated rapidly, so far as 
the North Carolina' clays are concerned. 

The range of the various constituents in the North Carolina brick- 
clavs is as follows: 

Bangs of Constituents in North Carolina Brick-Clays. 

Range. Average. 

Silica 52-70 GO.OO 

Alumina 13-28 18.00 

Ferric oxide 1.5-11.5 6.00 

Lime 0.10-2.5 O.GO 

Magnesia 0.10-1.5 0.40 

Alkalies 0.20-4.5 2.00 

Water 4-12 7.00 

Total fluxos 3.5-17.5 9.00 

» Mo. Geol. Survey, XI, p. 481. 



94 CLAY DEPOSITS IN NORTH CAROLINA. 

This is about the usual composition of brick clays, with the exception 
of lime and magnesia, which are somewhat low. 

METHODS OF BBICK MANT7FACTTJBE. 

All clay when made into building brick has to go through the fol- 
lowing stages: 

1. Preparation (crushing or tempering, or both). 

2. Molding. 

3. Drying. 

4. Burning. 

Various methods may be used in each stage of the manufacture, and 
this is especially the case in molding, and, therefore, four methods of 
manufacture are generally recognized, according to the type of machine 
used to shape the clay. These four processes are: 

1. Soft-mud. 

2. Stiff -mud. 

3. Semi-dry press. 

4. Dry press. 

Each of these processes has certain advantages, and its applicabihty 
depends on the character of the clay, capacity desired, and capital avail- 
able. 

SOFT-MUD PROCESS. 

In North Carolina this is the one most generally used. It is adapt- 
able to almost any clay, and requires the least amount of capital. 

Te^iperixg the Clay. — The clays used are generally soft ones, such 
as require no grinding. They are first tempered with water. This is 
done either by throwing the clay into a large rectangular pit behind 
the molding machine, pouring water over it and allowing it to soak, or 
else tempering it in ring-pits. These consist of circular pits 15-20 feet 
in diameter and 2-3 feet deep. In each pit there revolves a large iron 
wheel attached to a post in the centre, and so geared that it travels 
back and forth from the centre to the circumference of the pit as it 
travels around. The clay is slioveled into the pit, water poured over it 
and the mass allowed to soak for 12 hours, and it is then mixed by the 
wheel for about six hours more. This is bv far the best method of 
tempering clay for the soft-nuid process, for it mixes the clay into a 
homogeneous mass, which is something a soak pit does not do. 

Many small manufacturers in the South have a rather crude arrange- 
ment for tempering their clay. It consists of a vertical rectangular 
box, in which thete is set an upright shaft with cross-arms. The clay 
is thrown in at tlie top, and by the revolution of the shaft, operated by 
horse-power, it is forced slowly downward and out at the bottom. 
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Pugmilla are sometimes used in connection with soft-mud machines, 
but are more frequently used in connection with the stiff-mud process, 
and will be described under that head. 

Molding the Brick. — The clay is molded by hand or in machines 
operated either by steam or horse-power. When the clay is molded by 
hand it is generally tempered somewhat softer, often too much so. A 
wooden mold is used. The molder takes a chunk of clay from his 
supply on a table near him, and forming it roughly he lifts it up and 
then throws it downward into the mold, which has been pre^'iously 
sanded .on the inside to prevent the clay adhering. The mold is then 
reversed onto a pallet, the brick drops out and is carried off by a boy, 
the " off-bearer," and placeil on the yard to dry. 

A man can mold about 2500-3000 bricks per day by this method. 

The day's work of molded brick, which have been spread out on the 
yard to dry, are turned on edge at the end of the day to permit equal 
drying. Sometimes a boy goes along the rows of brick and, with a flat 
board fastened to the end of a stick, stamps the brick in order to square 
them up in case the clay was too wet to hold its shape. 

Hand-molding is a cheap method as far as cost of plant is concerned, 
but the capacity is small. Hand-made bricks are generally porous and 
light, as the clay receives little pressure in molding, but they are homo- 
geneous in structure, and when hard-burnt are usually strong. 

The celebrated Philadelphia red front brick were for a long time 
molded by hand and then re-pressed. 

When soft-mud brick are molded by machine the clay is fed into the 
upper end of a rectangular box, which is really a vertical pugmill. The 
clay passes downward and is forced into a six-brick mold at the bottom; 
the latter, as soon as filled, being thrust out. Such machines have a 
capacity of about 20,000 brick per day. It requires from 5 to 7 men to 
operate one of these machines, that is, a shoveler, mold-sander, mold- 
lander, who receives the mold and trims off the superfluous clay, and 
two or three off-bearers to spread the brick on the yard. 

Drying. — Soft-mud bricks are generally dried in the sun. As this 
method requires considerable space, especially when large capacity is 
required, it is sometimes found desirable to dry the brick on pallets 
set one above the other on racks. This increases the drying capacity, 
avoids handling until the brick are set in the kiln, and there is no loss 
from washed brick. The drying takes a little longer. 

Burning. — Soft-mud bricks arc usually burned in scove-kilns; that 
is, they are piled up in rectangular masses 35-40 courses high, and open 
spaces or arches are left at inteiTals in the bottom of the pile, these 
arches running through the mass. 

The exterior of the " kiln " is daubed over with mud, and one or two 
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courses of brick, called the "platting," are laid flatside down on the 
top of the kiln to keep the heat in. Fires are then built in both ends 
of the arches, and the interior of the kiln is gradually heated to the 
desired temperature. 

Burning is the most important step in the manufacture of brick. It 
is important that the heat should be raised slowly during water-smoking 
and also while the combined water is being driven off, and, furthermore, 
that the temperature should be distributed as evenly as possible through- 
out the kiln, for it is a common fault at many of the smaller yards that 
the arches are almost melted while the upper courses can sometimes 
barely be called salmon brick. In this connection there may be men- 
tioned the practice followed by some manufacturers of adding coal-dust 
to the brick to be placed in those parts of the kiln which do not receive 
sufficient heat. In burning, the coal-dust in the brick ignites and sup- 
plies additional heat where it is needed. The coal dust is added in the 
proportions of one bushel to clay for 1000 brick, and is added to the 
clay before it is tempered. Wood is the fuel commonly used in burning 
soft-mud brick. The arches are often closed by iron doors, and these 
should never be omitted, for a flood of cold air rushing into a mass of 
red-hot brick is sure to do damage. 

If the heat is raised too rapidly, the outer part of the brick shrinks 
and becomes dense before the ferrous oxide of the interior has been 
converted to the ferric oxide, and a black core is generally to be seen 
in such cases; unequal shrinkage and consequent cracking also results 
from the same cause. 

STIFF-MUD PROCESS. 

Preparation of the Clay. — This method of making brick is appli- 
cable to either shales or clays. In the case of the former they generally 
have to be prepared by grinding them in a dry pan. This consists of a 
large circular revolving iron pan about 9 feet in diameter (fig. 4, 
p. 97). In this there are two iron rolls weighing 3000-4000 pounds 
each, and which revolve by friction against the bottom of the pan. The 
outer part of the bottom is perforated by slits one-fourteenth to one- 
sixteenth inch diameter, according to the fineness to which the material 
is to be ground. 

For softer shales and tough clays a disintegrator is used. 

Many of the North Carolina manufacturers pass their clay first 
through a pair of rolls, but as in most instances where these are used 
the clay contains no stones and needs only tempering, the advantage 
of using the rolls is not apparent. 

Tempering the Clay. — For a stiff-mud machine the tempering is 
generally done in a pugmill. This consists of a horizontal trough iv 
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which there revolves a shaft hearing knife blades spl at a small augle. 
The clsy and water are fed in at one end and as tliey are pushed for- 
ward towards the other end, where they are discharg'cd into the maohine, 
they become thoroughly mixed. This is of considerable impurtance, fur 
in the ease of laminated elays their structure should he destroyed by 
thorough mixing. Pugmills are generally six or eight feet long, and 
the longer the better. A wet pan gives better results than a pugmill, 
for it not only cruslies a soft clay hut tempers it thoroughly. 




There are many stiff-mud auger machines put on the market which 
nave r pugmili about three feet long, and many manufacturers have 
bought ihein, probably for cheapness. In almost every case they give 
diasatisfnetiou unless the clay is thoroughly tempered before being 
molded in them, for the pugmill is entirely too sh^rt to be effective, 

MoLTJisG. — Two types of stiff-mud machines are tised, the plunger 
and the anger. In both the clay is discharged in the form of a rect- 
angular bar. The plunger machine is intermittent in ita action; the 
auger is continuous, sometimes intermittent, and perhaps the favorite 
method. The bar of clay may he 2ix4 inches or 9x4, according as the 
brick is to be an end-cut or side-cut one. 

The capacity of an anger machine is usually from 50,000 to 70,000 
per day, but it may be less or more. Auger machine bricks are apt to 
be laminated, which gives a shelly structure to the brick. Some elaya 
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show tliis mure than otlifrs, ami the same I'iav iiiav show more lamina' 
tiona when side-cut than end-cut. Very plastic clays usually latnitiute 
the most. 

Auger machine brick are often repressetl, especially if to be used for 
paving or fronts. If pressed brick are to be made it is important lo 
test the clay on difForent stiif-mud mai-hiues first to determine whii'h 
works the best. Plate VIII showa an auger end-cut brick machine 
(fig. 1), and a re-preseing machine (fig. 2). 

The bar of clay as it is cut up into bricks is received on a belt wbicli 
curries the brick to the repressing machines or else to the " off-bearers," 
who place them on cars which are run iiito a drying tunnel. Stitf-raiid 
brick are stiff enough when molded to permit of their being piled (i ur 
8 courses high on tlie drj-ing cars without criiahing out of shape. 

Re-pressing sharjwns tlje form of the brick, hut adds considerably to 
the cost of manufacture. 

The brick, when piled on the ears, are run into long tunnels, which 
are heated by steam, coal or oil (see Plate VII, fig. '2, p. 88). Recently 
successful experiments have been made towards utilizing the wa.-tu 
heat from the cooling kilns for drj'ing the brick. The rapidity of the 
drying varies from 20 to iiO or 60 or more hours according to the clay. 
Rapid drying cracks many clays. 

Few stiff-mud brick are dried in the sun. 

BuKNiNQ, — This is done either in np-draft or down-draft kilns. The 
up-draft kilns generally have permanent side walls, the ends and top 
being closed up with brick and those at the ends daubed with mud. 
Such kilns usually have a capacity of 150,000 to 200,000. The up- 
draft kilns are cheaper to construct than down-draft ones, but there is 
a greater percentage of salmon brick obtained. Figure 1 of Plate X 
(p. 101) shows an up-draft kiln used at the state penitentiary at Raleigh. 
This baa permanent side walls, whicli are braced by brick otfsets. 

Continuous hilns are sometimes used. This is the ideal method of 
burning l)rick and the cheapest. They have been used most successfully 
abroad and are gradually coming into extended use in this country. 
The continuous kiln cfinsists essentially of a long chamber of oval form, 
which is divisible into compartments by means of temporary partitions. 
Each compartment has one or two entrances for wheeling tlie green 
brick in and the burned brick out. There are four or more openings, 
covered by caps in the top of each chamber for feeding tlie fuel, as 
will be mentioned later. 

In the walls of the kiln are a series of flues connecting the chambers 
with the chimney, and also by means of dampers, making connection 
possible between any two chambers. Each chamber has a capacity of 
20,000 to 22,000 brick, and in setting them vertical spaces are left uoder 
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the c-hargitip holes in the roof. As each chamber is filled the temporary 
(often paper) porliliou betweeu it and the next one is put up, the object 
of this being simiily to prevent the draft from passing straight through 
the whole kiln. 

After each chamber is filled the two entrances are bricked up, leaving 
a charging space, which is covered by an iron door. The kiln is started 
by building a fire in the doorway of the first chamber and gradually 
heating it up to the desired temperature. Coal slack ia also charged 
through the openings in the top. Many nianufaclurera no longer use 
the top openings, but ffeil all the fuel through the doorways. 

The important principle of the continuous kiln is that the heat from 
this burned chamber is conducted into the next one either through the 
flues in the wall or else through sheet-iron pipes placed to connect the 
roof openings. In this wjiy the heat raises the temperature of the next 
chamber, so that less fuel need be used. When the kiln is once started 
it takes from ^00-300 pounds of fuel per 1000 brick. 

The heat from a burning chamber cannot as a rule be carried safely 
thnmgb more than three or four ehambei-s before taking it off to the 
chimney. The reason for this is that the liot-air collects moisture from 
t''e brick in these chamberB which are being heated up; it will easily 
lie seen that if carried through too many chambers the air will lose so 
much heat that instead of gathering moisture it will begin to deposit it 
00 the brick. 

It ia sometimes necessary to aid the draft of a continuous kiln by 
leans of a small fan. The number of chambers in the kiln depends 
^401 the size of the yard and available capital. 

Continuous kilns are used in this country for burning common and 
it brick, paving brick and fire-brick. 

No continuous kilns are in use in North Carolina, so tliat the ilhis- 
^fntions shown are from one at the Catskill (N. Y.) Paving-Brick Works. 
1 of Plate IX shows the interior view of the kiln, which is emptj', 
■hile fig. 2 of the same plate shows the exterior view. 

DEY- PRESS PROCESS. 

This method is applicable to a variety of clays, hut not to very sandy 
, wliioh have little cohesive nature. The advantages of it are wide 
isge of character permissible in clays used, the brick made are sharp- 
i and smooth, and the green brick can generally be set directly in 
skUn. 
The disadvantages of this method are, the necessity of weathering 

clay, increased cost of plant, and limited capacity. 
Dry-press brick when properly burned are as strong as other brick, 
t if imderburned they are easily affected by the weather. 
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Pkefakation of the Clay.— The clay for making Ury-pn-si briL-k U 
generally weathered first. This ia a^^complished by piUiig the clay up 
under large sheds or spreading it out over the ground in a layer one W 
two feet thick. If poaaible, it ia frequently best to allow the elay to 
■weather for several mouths or even longer, depending on the nature of 
the material. By this weathering the moisture becomes eveuly Ji:>- 
tributed through the clay, the frost breaks it up and the decay of 
organic material by the disengagement of carbonic acid produces llie 
same effect. The iron compounds may also become further oxidiwd. 
Claya weather more actively iu winter tliau in summi'i'. 




Fio. fi. — Dki-Phe; 



When ready for use the clay is first pulverized, iiaually in a cen- 
trifugal disintegrator of the Stcadman type, and then passed through 
a screen with meshes varying from one-eighth to cue-sixteenth i^A. 
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the finer mesh being used for front brick. The clay should not con- 
Iain too much moisture, as otherwise it clogs the screen. 

Molding the Bkick. — The tlry-presa consists essentially of a steel 
mold box with movable top and bottom. The clay is fed into the 
mold automatically, and the plunger descends into the mold from above, 
the pressure being applied by means of a toggle-joint or cam. After 
the clay is pressed the plunger rises, as does also the bottom of the mold, 
until the brick is level with the table, on which it is pushed forward 
by the charger as it advances to refill the mold. The brick are set on 
hand-cars and carried off to the kilns. 

If the clay is very diy the edges are apt to crumble, and the brick 
will not bear much handling. To avoid this the clay is sometimes dis- 
charged from the screen into a piigmill, where it is moistened with 
steam. This gives a brick with sharper edges and one which bears 
handling better. The term semi-dry press is used when the clay is 
moistened somewhat. 

There are numerous types of dty-presa machines, among which may 
be mentioned those of the Boyd (fig. 5, p. 100), Simpson, Whittaker, 
and Chaniljera patterns. The slower the pressure is applied in molding 
the brick llie less air will there be enclosed in it, and the less will be 
the danger of its bursting by the expansion of the air. 

BcENiNo.^Dry-press brick are burned in either up-draft or down- 
draft kilns. This process has to be conducted very slowly, for both the 
drying and water-smoking have to be done in the kiln, and, on account 
of the dense nature of the brick, the water can only escape slowly. 
Drj'ing and water-smoking may therefore take from six to eight days. 
In burning front brick it is imimrtant that as few as passible should be 
exposed to the direct action of the flames. In up-draft kilns the 
arch brick are generally warjxMl and discolored, while in down-draft 
kilns the top courses are generally fire-flashed and also discolored from 
tlie ashes of the fuel. These top brick are harder burned than the 
bottom ones, and while useless for front brick, if not cracked they are 
often desirable for walks or sewers. 

The down-draft kiln is preferable for burning front brick, as there 
is less loss in the inrm of overburned or underbiirned brick. Plate X, 
fig. -2, allows the Endaly type uf down-draft kiln, which is in conuuon use. 



CHAPTER IX. 

BRICK-CLAY DEPOSITS IS XORTII CAEOLIXA. 

CLAYS IN BLADEN COUNTY. 

Near Prospect Hall. — Following down the Cape Fear river from 
Fayetteville, after passing Willis creek, there begin to appear 'large 
quantities of black clay in the bluffs along the river. Oiie of the best 
sections is to be seen in a bluff 60 feet high on the property of Wil- 
liam Whitted at Prospect Hall (see Plate XI, fig. 1, p. 110). 

The upper 20 feet of the bluff are sand and gravel often heavily 
stained with iron, but the lower forty feet are mostly black clay, roughly 
separated into three somewhat lens-shaped beds, as follows: 

Black, sandy clay, 8-10 feet (field sample No. 11). 

Sand and sandstone, 10 fei^t. 

Black, sandy clay, 8 feet (field sample No. 10). 

Black clay, 4 feet, exi)osed at base of bluff (field sample No. 12). 

The upper black sandy clay of the section (Xo. 11) has in places 
abundant mica scales, and sometimes coarse sand grains. It slakes 
slowly to large scaly fragments. Pyrite and lignite are both scattered 
sparingly througli the clay, but the pyrite is mostly in small grains. 
The addition of SS^i-' of water gave a mass that was lean and gritty. 
This paste shrunk in drying and 8^ in burning, gi^^ng a total shrink- 
age of 14^5^. Air-dried briquettes of this paste had an average tensile 
strength of 64 lbs. per square inch and a maximum of 77 lbs. per 
square inch. Incipient fusion occurs at 1000° F., vitrification at 2100°, 
viscosity at 2300^ It bums to a deep red, dense body. 

The composition of this clay is: 

Analysis of Brick'Clay (No. 11), Prospect Ball, 

Moisture 4.50 

Silica (total) 56.13 

Alumina , 17.80 

Ferric oxide 5.85 

Lime 10 

Magnesia 79 

Alkalies 2.45 

AVater doss on ignition) 11.60 

Total 99.22 

Free sand 27.18 

Total fluxes 7.29 

Specific gravity 2.34 
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!Xo. 11 is Similar to Xo. 10, but contains more coarse grit, and the mica 
scales are abundant. It slakes slowly to large fragments, and reipiired 
the addition of 22^a of water to make a workable paste, which is very 
lean. This paste shrunk 5/^ in drying and S^ in burning, giving a total 
shrinkage of 13*'. The tensile strength is very low as indicated by the 
plasticity, being on the average only 46 lbs. per square inch, witli a 
maximum of 58 lbs. per square inch. Incipient fusion occurs at 2000 ** 
F., vitrification at 2150° F., and viscosity at 2300° F. The clay burns 
to a deep red body. 

Its composition is as follows: 

Analysis of Brick-clay (No, 10), Prospect IlaU. 

Moisture 2.80 

Silica (total) 03.30 

Alumina 15.87 

Ferric oxide 5.48 

Lime 27 

Magne.sia 21 

AlkaUes .• 2.40 

Sulpluir 1.78 

AVater (loss on i^^nition) 8.25 

Total 100.36 

Free sand 57.30 

Total fluxos 10.14 

Specific jjravlty 2.43 

The organic matter is noticeable from the loss on ignition which the 
clay undergoes. The total percentage of fluxes is greater than in No. 
11, but tlieir fluxing tendency is more than offset l)y the sand present. 

Xo. 12 is the l>est clay of the tliree, as it contains less sand, mica scales 
and pyrite. It is also more homogeneous, harder and denser. The sand 
and mica irrains are mostlv between the lavers of the clav. The clav 
slakes slowly to large scaly fragments. It soaks up a large quantity of 
water, and required 40.^ to nuike a workable mud that had little plas- 
ticity. This mud shrunk 12fr in drying and 5'* in burning, giving a 
total shrinkage of \1'i. The air-dried bricpiettes made from this paste 
had an average tensile strength of 5U ll>s. per scpiare inch and a nuix- 
imum tensile strength of 00 lbs. per square inch. Incipient fusion 
occurred at 1000° F., vitrification at 2100° F., viscosity at 2300° F. 

The composition of the clay is as follows: 

Analysis of Brick-clay (No 12), Prospect hall. 

Moisture 4.20 

Silica (totnh 55.(55 

Alumina 20.8(5 
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Ferric* oxide 5.11 

Lime 30 

Magnesia 04 

Alkalies 2.13 

Sulpliur 1.18 

Water (loss on ij^nition) 9.94 

Total 100.07 

Free sand 15.05 

Total fluxes 9.36 

Specific gravity 2.30 

The chief objection to these clays is their lean character. They stand 
rapid heating and burn easily to a dense red body. 

If molded into brick, it sliould be done by machinery that would give 
them good pressure, and not by hand. The admixture of a more plastic 
clay would be a still better method to follow. 

They might possibly be worked for paving brick. 

CLAYS IN BUNCOMBE COUNTY. 

Penniman Clay Bank near Emma. — Along the line of the Southern 
R. K., southwest of Asheville, on the road to Murphy, deposits of sedi- 
mentary clays are to be found at a number of localities. Their largest 
development is at Emma, two miles west of Asheville, where consider- 
able quantities of brick are made by AV^. R. Penniman. 

The section exposed in Penniman's bank is as follows: 

Upi>er red clay 4 feet. 

Ix)wer graj' clay (** flre-day ") 3-10 feet. 

Sand 

Tlie upper clay is tough, gritty, highly colored, and in places seems 
to grade downward into the under gray clay. 

The upper or brick clay slakes quickly to grains of sand and mica and 
fine aluminous mud. 

The addition of 20;!^ of water gave a workable paste of somewhat 
plastic feel. This paste shnink iH in drying and 4,^ in burning, giving 
a total shrinkage of 13^. The air-dried briquettes made from this mud 
had an average tensile strength of 03 lbs. per square inch, with a max- 
imum of 80 lbs. per square inch. Incipient fusion occurred at 2000** 
F., vitrification at 2200° F., and viscosity at 2400° F. 

The clay burns to a good red body. The following is the analysis: 

Analysis of upper Brick-clap {No. !>9). Penniman^s, 

Moisture 1.15 

Silica (total) 06.27 

Alumina 19.95 
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Ferric oxide 3.16 

Ferrous oxide 67 

Lime 20 

Magnesia 32 

Alkalies 1.85 

AVater (loss on ignition) 6.17 

Total 99.74 

Clay substance 49.34 

Free sand 50.40 

Total fluxes 6.20 

Specific gravity 2.50 

The iron is mostly oxidized, as will be seen from the analysis and 
also indicated by the color of the clay. 

The under clay at this yard goes by the name of fire-clay. It is a 
coarse-grained clay, full of mica scales and small angular quartz grains. 
In water it slakes quickly and completely, and on the addition of 28}< 
of water gave a workable and moderately plastic paste which shrunk 
7^/ in drying and 4^ in burning, giving a total shrinkage of 11/?^. The 
average tensile strength of the air-dried briquettes made from this clay 
was 58 lbs. per square inch, with a maximum of 60 lbs. 

Incipient fusion occurs at 2050"* F., vitrification at 2250' F., and 
viscosity at 2450° F. The clay burns gray buff. The composition of 
the clav is as follows: 

Analysis of lower Briek-clay C* fire-clay'') {No, 58), Penniman's, 

Total portion. Insoluble portion. 

Moisture 80 

Silica (total) 70.66 55.70 

Alumina 17.21 .40 

Ferric oxide 3.44 .56 

Lime 10 

Magnesia 07 

AlkaUes 2.45 1.32 

AVater (loss on Ijjnltlon) 5.00 

Total 09.73 57.98 

Total fluxos 7.1(5 

Specific gravity 2.48 

From the above analvsis we obtain: 

Clay substance 41.75 

Quartz 54.30 

Feldspar 3.68 
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This elav is not unlike the bottom clav at Bethania, but contains 
more free sand. The grains of the latter are mostly quartz, as seen 
from the rational analysis. 

This type of clay is not uncommon in Xorth Carolina, the clays at 
G rover being of this kind, but they contain less iron. The predom- 
inant charact<?r, however, is the fine-grained clay substance with the 
coarse quartz grains scattered through it. 

Mr. Penniman uses the upper clay for making common brick and 
also for re-pressed l>rick, for it burns to a good red color. The brick are 
molded in a Sword's machine, dried in the sun and burned in up-draft 
()I)en kilns with permanent side w^alls, of 185,000 capacity. The fuel 
is coal. 

The brick made from the lower clay are burned in the same kiln and 
at the same time as the red clay. They are re-pressed. The chief use 
of the lower clay brick is for boiler and furnace foundations and for 
furnaces requiring only a low degree of heat The bricks are white 
or yellowish-whit<>, and not burned very hard. 

It is probable that a mixture of the upper and lower clay would make 
a paving brick, although if a more plastic and slightly more fusible clay 
than the upper one could be mixed with the lower clay, still better 
results would be obtained. Such clays are to be found in many of the 
lowlands along the valleys near Ashe^^lle. 

Clays neak Asheville and Biltmore. — The French Broad river 
near Asheville is bordered at several points by broad stretches underlain 
by clays of good quality for various purposes. Such a deposit has been 
worked at Biltmore with eminent success, the products being common 
and pressed brick, drain tile, and paving brick. The deposit has been 
covered up now to permit land improvements, but the same belt of clay 
land borders the river at other points. 

It should be noted that the methods and machinery used at Biltmore 
were of the most approved type. 

Poor products may result very often as much from carelessness in 
manipulation and the use of the wrong appliances and methods as in 
the use of improper clay. 

The other brickyards around Asheville are working residual clays for 
making common brick to supply a local demand. 

Clays near Fletcher. — The Buncombe Brick Co. at this localitv 
is engaged in the manufacture of both common, pressed and paving 
brick. Their main bank is a light gray clay of slightly plastic and 
somewhat gritty feel. It is fine-grained and slakes slowly. The addi- 
tion of 25.r)!5^ of water was required to give a workable mass, which 
shrunk 4^*^ in diying and 1'i in burning, making a total shrinkage of llj^. 
The air-dried bricjuettes had an average tensile strength of 37 lbs. i)er 
square inch and a maximum of 40 lbs. per square inch. 
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Incipient fusion occurs at 2000** F.^ vitrification at 2200"* F., and 
viscosity at 2400"* F. 

The chemical composition of the clay is: 

Analysis of Briek-elay {No, 65), near Fletcher . 

Moisture 1.10 

Silica (total) 75.08 

Alumina 13.73 

Ferric oxide 3.47 

Lime 30 

Magnesia 17 

Alkalies 1.48 

Water (loss on i^Jiuitiou) 4.65 

Total 99.98 

Clay substances 45.18 

Free sand 55.80 

Total fluxes 5.42 

Speeifle gravity 2.41 

CLAYS IN BXTBKE COUNTY. 

Near Moroanton. — The clay underlying the terrace along the river 
two miles west of the town becomes more sandy in character towards 
the river. A sample from the brickyard of Mr. McDowell along the 
river had 60^ of sand, while along the road, back from the river, there 
was only 54;i^. 

The clay as exposed in McDowell's brick-clay bank (Xo. 52) is a 
loose, sandy, coarse clay, with abundant mica scales and quartz grains. 
It slakes very quickly tmd completely to its component grains. The 
addition of 2'2'* of water gave a lean but workable mud w^hich shrunk 
6^ in drying and ij^ in burning, giving a total shrinkage of ll)^. 

The average tensile strength of the air-dried briquettes was 56 lbs. 
per square inch, with a maximum of 83 lbs. 

Incipient fusion occurs at lOSO** F., vitrification at 2100** F., and 
viscosity at 2250° F. The clay burns dark red at 2100** F. 

The analysis of it gave: 

Analysis of Brick-clay {No, 52), McDowell's clay bank. 

Moisture 1.80 

Silica (total) 07.a3 

Alumina 1(5.88 

Ferric oxide 0.50 

Lime 1.00 

Ma>?nesia 1.10 

Alkalies 90 

AVater (loss on ijruition) 4.78 

Total 100.05 
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Clay substance 39.90 

Free sand 60.05 

Total fluxes 9.56 

Specific grravity 2.61 

The clay is used for making common brick, but they are molded in 
ordinarv' hand-molds and burned barely to incipient fusion; wnth more 
care and better machinery a very good brick could be made from it. 

Probably there could be found a more plastic clay in the lowlands 
between the railroad and the North Carolina Insane Asylum. 

CLAY IN CliEVELAND COUNTY. 

Xear Grover. — Occurring in the region around Grover are beds 
of surface clays which have no connection with the so-called fire-clays 
previously mentioned (p. 81). At the works of the Cleveland Brick 
Company just south of Grover, one of these beds has been opened up 
and consists of an upper bed of tough, red, mottled clay, 6 feet tliick, 
and an under bed of very plastic clay not less than 3 feet thick. 

The under clay (Xo. 46) is a gritty clay with small mica flakes and 
coarse sand grains. It is slow in slaking. 35;t of water was required to 
give a workable mass that shrunk 9^ in drying and 6.5;^ in burning, 
giving a total shrinkage of 15,5^. Air-dried briquettes of the clay 
had an average tensile strength of 98 lbs. per square inch and a max- 
imum of 115 lbs. per square inch. Incipient fusion occurs at 1900** F., 
vitrification at 2100° F., and viscosity at 2300** F. The clay burns 
a rather light red. 

The analysis of the clay gives: 

Analyns of Cleveland Brick Co's. under Clay {No, 46), just S, of Ororer, 

Moisture 1.18 

SiUca (total) 61.75 

Alumina 2.3.30 

Ferric oxide 3.34 

Ferrous oxide 50 

Lime 27 

Magnesia 25 

Alkalies 1.31 

AVater (lo.s8 on ijruition) 7.75 

Total 99.65 

Clay substance 00.G2 

Free sand 39.05 

Total fluxes 5.67 

Specific gravity 2.36 
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The upper clay is far less plastic, but very tough. It also required 
25^ of water to make a workable paste, which was gritty to the feel 
and somewhat plastic. This clay shrunk 7.5^ in drying and 6^ in 
burning, giving a total shrinkage of 12.5j<. The average tensile 
strength of the air-dried briquettes was 42 lbs. per square inch with a 
maximum of 51 lbs. Incipient fusion occurred at 1950° F., vitrifica- 
tion at 2150** F., and viscosity at 2350** F. The clay burns red. 

The composition of this clay is as follows: 

Analysii of Cleveland Brick Co.^i upper Clay {No. 47), ju8i S, of Orover. 

Moisture 63 

Snica (total) 05.45 

Alumina 20.02 

Ferric oxide 4.18 

Lime 25 

Magnesia 29 

Alkalies 1.51 

Water (loss of ignition) 6.58 

Total 98.91 

Clay substance 47.06 

Free sand 51.45 

Total fluxes 6.23 

Speelflc gravity 2.61 

While the upper clay is not as strong as the lower, still it burns easier 
to a red brick and shrinks less in burning. 

The pit is about 300 feet from the yard, and the clay is hauled in 
carts. The tempering is done in a long open pugmill of Chambers's 
manufacture. Molding is done in a Chambers's auger automatic end- 
cut machine. A pair of rolls were formerly used for breaking the clay, 
but were found verv unsatisfactory. A standard drver heated bv 
steam-pipes is used. Exhaust steam is used in the daytime and live 
steam at night. 

The brick are burned either in scove kilns or circular down-draft 
ones. Tliev are 16 feet in diameter, and there is one stack for everv 
two kilns, but ilr. Eskridge is about to put a number of small chim- 
nevs on each kiln. 

The fire-brick are burned in the circular kiln. Thev are used for 
the roof of the roasting furnaces at the Blacksburg (South Carolina) 
acid works, and wear well. The furnace has a diameter of 20 feet, 
and the rise from circumference to centre is 8 inches. 

The hard red brick are used around the acid works and resist the 
action of the acid verv well. 

This clay is not unlike many of the alluvial clays in other parts of 
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Xorth Carolina, and they show very well the influence of proper work- 
ing and machinery in producing good results. 

CLAY IN GXTMBEBLAND COUNTY. 

Xear Fayetteville. — South of the to^vn are extensive beds of sedi- 
mentary clays, whose general section involves 2-3 feet of coarse sand 
underlain by at least eight feet of clay, and sometimes probably more. 
The clays are best exposed at Poe & Bros.' yard, a half mile south of 
Fayetteville. The clay as exposed here is a fine-grained, tough, bluish- 
white clay with frequent thin iron stains, which give it a mottled 
appearance. In some portions of the bank the clay is very smooth 
and free from iron stains, and has been used for stoneware. (Plate XI, 
fig. 2.) 

At the south of the pit ia a bed of very tough clay, fine-grained and 
broken by numerous small joints running in every direction. This por- 
tion is not used, as it is claimed to be too tough to work. 

A sample of the average run of the bank, excluding the top sand and 
tough clay, which is not used, show^ed the clay to be a somewhat gritty, 
medium-grained, tough clay which slakes quickly to grains ]jV*^ijV^° • 
in diameter. It required the addition of 28j?^ of water to jnake a work- 
able mud, which felt quite plastic. This mass shrunk 8.5j^ in drying 
and 5^ in burning, giving a total shrinkage of 13.5J^. The air-dried 
briquettes of this paste had an average tensile strength of 144 lbs. per 
square inch and a maximum of 175 lbs. per square inch. 

Incipient fusion occurs at 1900° F., vitrification at 2050** F., and 
viscosity at 2200° F. The clay bums deep red. 

The chemical composition of the clay is as follows: 

Analysis of Foe's Briek-elay {No. 14), }i mile 8. of Fayetteville, 

Moisture 2.48 

Silica (total) 64.93 

Alumina 17.08 

Ferric oxide 5.57 

Lime 43 

Magnesia 59 

Alkalies 3.85 

Water (loss of ignition) 6.58 

Total 101.51 

Clay substance 53.13 

Free sand 45.90 

Total fluxes 10.44 

Specific gravity 2.55 

A sample of the so-called " tough " clay was also tested with the 
following results. It is a dense, somewhat gritty clay which slakes 
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slowly to rounded granules of variable size, mostly above tjV !!»• Little 
mica was noticeable. It required the addition of 28.5;^ of water to 
make an ea.sily worked paste, which shrank 9.8j^ in drying and 7j^ in 
burning, giving a total shrinkage of 16.8,'^^. Air-dried briquettes of this 
clay had an average tensile strength of 84 lbs. per square inch and a 
maxinumi of 120 lbs. per square inch. Incipient fusion occurs at 
1850° F., vitrification at 2050' F., and viscosity at 2250** F. The clay 
bums deep red, and requires somewhat slow heating to prevent crack- 
ing. The composition of the clay as shown by analysis is as follows: 

Analysis of the ''tough rUiy'' {No. \:^). Poe'n bank'' ^4 mile S. of Fayetteville, 

Moisture 3.23 

SiHca (total) 58.17 

Alumina 20.10 

Ferric oxide 7.43 

Lime 60 

Maf^esia 77 

Alkalies 2.00 

Water (loss of ijrnltiou) 7.34 

Total 100.24 

« 

Clay substam^e 48.09 

Free sand 52.15 

Total fluxes 11.40 

Specific cavity 2.45 

The greater toughness of this clay is due to its density. 

This '' tough clay " could probably be mixed advantageously with 
the other. As this clay is manufactured into a very good brick, it may 
be well to mention the method followed. The clav and sand are first 
dumped into soak pits. From these they are shoveled into a Penfield 
plunger machine and issue from this onto the cutting table, where they 
are cut jip into brick, the frame carrying the cutting wires being oper- 
ated by hand-power. The drying is usually done on pallets and pro- 
reeds very slowly. The burning is done in permanent side-wall, up- 
draft kilns, ha\nng a capacity of 170,000. Re-pressing the brick has 
been attended with favorable results. 

CLAY IN FOBSYTH COUNTY. 

Xear Betiiania. — The largest brick-making plant in the State is .sit- 
uated at this locality. It is ow^ned by Messrs. Carter and Shepard. 
(Plate Xn, fig. 1, p.*120.) 

The clay bank adjoins the yard and consists of a gray clay, the upper 
portions of which are intermixed with the wash of residual clay from 
the neighboring slopes. The lower portion, of which there is an 
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abundance, is much superior to the top mixture, and the two have been 
tested separately to determine their relative advantages. 

The lower clay (32) is tough, somewhat coarse-grained, with grains 
of quartz and small mica scales. It slakes slowly to grains. 

The addition of 25^ of water gave a very plastic, workable mass, 
which shrunk 10^ in drying and an additional 5^ in burning, giving a 
total shrinkage of 15^. The tensile strength of the air-dried briquettes 
showed an average of 127 lbs. per square inch and a maximum of 160 
lbs. per square inch. 

Incipient fusion occurs at 1900** F., vitrification at 2100** F., and 
viscosity at 2300** F. The clay bums buff to red, dependent on the 
temperature. 

The composition of the clay is as follows: 

Analy$i$ of lower Brick-clay {No, 32), BetJiania, 

Moisture 90 

Silica (total) 64.39 

Alumina 19.11 

Ferric oxide 5.39 

Lime 80 

Magnesia 22 

Alkalies 1.72 

Water (loss on ijruition) 7.75 

Total 100.28 

Clay substance 53.18 

Free sand 46.00 

Total fluxes 8.13 

Specific gravity 2.50 

The upper mixture is a lean, stiff, sandy clay which slakes easily to 
irregular grains and scales. It required 27/<^ of water to give a work- 
able mud, which was lean and gritty to the feel. This paste shrank 
8.5^ in drying and 6^ in burning, giving a total shrinkage of 14.5^. 
The air-dried briquettes had an average tensile strength of 65 lbs. per 
square inch and a maximum of 89 lbs. per square inch. Incipient 
fusion occurred at 2000** F., vitrification at 2150** F., and viscosity at 
2300** F. The clay burns to a deep red. Its composition is shown by 
the following analysis: 

AnalysU of the upper Brick-cJay (No, 33), Bethania, 

Moisture 1.85 

Silica (total) 55.81 

Alumina 20.00 

Ferric oxide 11.79 

Lime 33 
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Magnesia 16 

Alkalies 1.42 

Water (loss on ignition) 8.80 

Total 100.22 

Clay substance 67.44 

Free sand 32.78 

Total fluxes 13.70 

Specific gravity 2.51 

The upper clay contains more iron and burns to a deeper red, but 
does not possess the tenacity or plasticity that the lower clay does. 

Carter and Shepard's Clay Bank. — This clay at Bethania is used 
for brick and drain tile. It is first put through rolls and then a pugmill, 
after which it is molded in a Steele auger machine. The drying is done 
either on pallet racks or on heated floors. The brick are burned in a 
Morrison kiln and are of a deep red color, but full of laminations. 

If the clay were prepared more thoroughly, and more of the under 
clay used, it would probably give better results. 

CLAY IN GASTON COUNTY. 

Near Mount IIolly. — The terraces along the Catawba river are well 
developed around Mount Holly and furnish an abundance of clay. 
About one-quarter mile south of town this clay has been opened up for 
the manufacture of brick. The deposit lies at the shore line of the 
terrace and about 35 feet above the river. It is not less than seven 
feet thick and underlain by sand and gravel. Brick were formerly 
made from it by Holobaugh, but the yard is no longer running. 

The clay is somewhat gritty and slakes slowly but completely. A few 
mica scales are scattered through it. 

The addition of 29^ of water gave a very plastic paste, which shnmk 
8^ in drying and 4.5^ in burning, giving a total shrinkage of 12.5/^. 
The average tensile strength of the air-dried briquettes was 131 lbs. 
per square inch with a maximum tensile strength of 160 lbs. per square 
inch. Incipient fusion occurs at 1950'' F., vitrification at 2100° F., 
and viscositv at 2250** F. The clav bums to a close red body. 

The analysis of this clav yielded as folloAvs: 
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Analysis of Brick-clay (No. 60), «^ miU S. of Mi. HoUy. 

Moisture 1.43 

Smca (total) (51.28 

Alumina 20.83 

Ferric oxide 5.51 

Lime 49 

Magnesia 14 

8 
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Alkalies M 

Water (l(«ss ou Ignition) 8.75 

Total 99.27 

Clay substance 50.99 

Free sand 49.05 

Total fluxes 6.98 

Specific gravity 2.47 

This clay should make a first-class brick that would stand re-pressing. 
In composition and physical properties it is closely similar to the 
clay for pottery dug northwest of Lincolnton, but is more sandy in its 
nature. 

CLAY IN GTJILFOBD COUNTY. 

Near Greensboro. — Both residual and sedimentary clays occur in 
abundance around the town, and both are utilized by the brick manu- 
facturers. The Greensboro Brick and Tile Company^s yard is located 
on the northern edge of the town along the road to Pomona. The clay 
is a reddish residual clay resulting from the decomposition of gneissie 
rock, and opened up to a depth of 8 feet. This material is somewhat 
more sandy in portions of the bank, but all of it is soft. A sample of 
this clay was found to slake easily to its component grains. It required 
29>^ of water to produce a workable mass, which shrunk d^ in drying 
and 6j^ in burning, making a total shrinkage of 15^. This paste was 
moderately plastic. Air-dried briquettes of the clay had an average ten- 
sile strength of 85 lbs. per square inch and a maximum of 96 lbs. per 
.square inch. Incipient fusion occurs at 2050** F., vitrification at 2250 
F., and viscosity at 2450** F. The clay bums to a red body. 

Its composition is as follows: 

AnalygU of Oreensboro Brick d Tile Co*», Chiy (No, 24). 

Moisture 1.64 

SUica (total) 56.81 

Alumina 20.62 

Ferric oxide 6.13 

Lime 65 

Magnesia 58 

Alkalies 4.47 

Water doss on Ignition) 8.60 

Total 09.50 

Clay substance 58.85 

Free sand 40.65 

Total fluxes 11.83 

Specific gravily 2.44 
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The high per cent, of alkalies is evidently due to much undecom- 
posed feldspar. A very good building brick is made from this clay. 
The plant includes a pair of rolls, Freese disintegrator and Freese side- 
cut auger machine. The brick are dried on a brick floor heated by hot 
air passing through flues underneath. They have three Morrison kilns 
in which soft coal is used. Re-pressing has been tried with fair results. 

Dean^s briclcyard is on the southern side of town, and the clay is very 
similar to that at the Greensboro Brick and Tile Company's yard. 

It is a lean, gritty clay, with abundant grains of quartz, feldspar and 
mica. In water it slakes easily to its component grains. 

It absorbed 28^ of water in being worked into a paste, which shrunk 
10^ in drying and G^ in burning, giving a total shrinkage of 16;^. The 
average tensile strength of air-dried briquettes was 6G lbs. per square 
inch, while the maximum was 77 lbs. per square inch. Incipient fusion 
occurred at 2100° F., vitrification at 2300° F., and viscosity at 2400' F. 
The clay burns red. Its composition is shown by the following analysis: 

Analysis of Dean's Bri^k-clay (No. 30) pit^ Oresfuboro, 

Moisture 1.90 

Silica (total) 59.27 

Alumina 22.31 

Ferric oxide 6.09 

Lime 25 

Maguesia 13 

Alkalies 90 

Water (loss on ignition) 9.(K) 

Total 100.45 

Clay substance 67.20 

Free sand 33.25 

Fluxes 7.97 

Specific gravity 2.46 

This clay is used for the manufacture of common brick. It is tem- 
pered in a ring pit, molded by hand, dried in the sun, and burned in 
scove kilns. The product is burned little beyond incipient fusion. 

Watson^s hrickyard uses the same clay and methods as are used at 
Dean's yard, just described. 

KirhpairicWs brickyard is situated along Xorth Buffalo creek, and 
the clay is a portion of the deposit to be found more or less continuously 
along the creek all the way up to Pomona. It is a gray, gritty clay, 
dense and tough, and slakes slowly to irregular granules. 

It required the addition of 30^ of water to make a workable paste, 
which shnink 11;5^ in drying and 5r^ in burning, giving a total shrinkage 
of 16^. Air-dried briquettes of the very plastic paste had an average 
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tensile strength of 220 lbs. per square inch with a maximum of 232 lbs. 
per square inch. Incipient fusion occurs at 1900** F., vitrification at 
2100** F., and viscosity at 2300** F. It burns to a dense red body, but 
requires slow heating. The composition is indicated by the following 
analysis: 

Analysis of Kirkpatriek' s Brick-elay {Xo. 31), Greensboro . 

Moisture 1.50 

SUica (total) G9.70 

Alumina 12.S7 

Ferric oxide 6.13 

Lime 2.65 

Magnesia 57 

Alkalies *. 2.79 

Water (loss on ignition) 4.08 

Total 100.19 

Clay substance 35.27 

Free sand (V4.92 

Fluxes 12.04 

Specific gravitj^ 2.48 

The clay is discharged directly into a steel end-cut auger machine, 
heated on drying floors, and burned in scove kilns. 

CLAY IN HALIFAX COUNTY. 

Neab Roanoke Rapids. — There has been considerable demand for 
brick at this locality for use in the construction of large cotton mills 
being erected at this point. The clays used occur along or near the 
Roanoke river, a few hundred vards south of the cotton mills. The 
section is in general as follows: 

Yellowish sandy clay (sample No. 1) 2 to 5 ft. 

Plastic clay (exposed) (sample No. 2) 6 to 8 ft. 

This upper sandy clay is coarse-grained and contains numerous small 
concretions of sand cemented by limonite. A sample of this upper clay 
was tested with the following results: The sandy, moderately coarse- 
grained yellow clay slaked extremely slowly on account of its density. 
It required 25^ of water to produce a workable paste, which to the feel 
was very lean. This paste shrunk 8;^ in drying and 5J^ in burning, 
giving a total shrinkage of 13,1^. Air-dried briquettes of the mud had 
an average tensile strength of 46 lbs. per square inch and a maximum 
strength of 50 lbs. per square inch. Incipient fusion occurred at 1900' 
r., vitrification at 2050' F;, and viscosity at 2250' F. 

At 1900° the clay burned to a reddish, porous body, but at 2050' it 
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was fairly dense, but deep reddish brown. The little ferruginous con- 
cretions fuse to black spots in burning. 

The following is the composition of this upper sandy clay. 

Analysis of upper sandy Clay {No. 1), Roanoke Rapidi. 

Moisture 1.63 

Silica (total) 67.55 

Alumina 13.16 

Ferric oxide 8.54 

Lime 17 

Magnesia 28 

Alkalies 2.65 

Water (loss on ipnition) 5.08 

Total •. 99.06 

Clay substance 41.98 

Free sand 57.08 

Total fluxes 11.64 

Specific gravity 2.39 

The insoluble residue (" free sand ") in the above indicates the sandy 
character of the clay and the reason of its leanness and low tensile 
strength. 

The underlying clay is less sandy and feels far more plastic. It con- 
tains a few small mica scales. It slakes moderately fast to grains of 
small size, and is not a very dense clay. The following description ap- 
plies to the part of this lower clay (6 to 8 feet thick) exposed and used 
in the pits at Roanoke Rapids, and here designated the middle clay 
(sample No. 2): 

It required 26.5^ of water to make a workable mass, which was highly 
plastic. This mud shrunk lOj^ in drying and an additional 5^ in burn- 
ing, giving a total shrinkage of 15^. Air-dried briquettes made from 
this paste exhibited an average tensile strength of 151 pounds per square 
inch and a maximum of 168 pounds per square inch. Incipient fusion 
occurs at 1900'' F., vitrification at 2050** F., and viscosity at 2250** F. 
The clay bums to a red body, much smoother than the preceding sample. 

The increased plasticity is very noticeable, and due no doubt in part 
to the smaller quantity of sand present and perhaps greater fineness of 
the grains. 

The following is the composition of the clay: 

Analysis of the middle Brtck-clfiy {Ifo, 2), Roanoke Rapids. 

Moisture 2.45 

Silica (total) 65.58 

Alumina 17.04 

Ferric oxide 5.76 

Lime 72 

Magnesia 28 
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Alkalies 2.30 

Water (loss on ignition) 5.58 

Total 99.71 

Clay substance 56.70 

Free sand 31.50 

Total fluxes 9.06 

Specific gravity 2.59 

Another sample (Xo. 3) of this lower clay, and here designated the 
under clay, represents its lower portion, extending for several feet 
below the level of the present floor of the brickyard at Roanoke Rapids 
and was collected to show jthe uniformity of this lower clay. Its gen- 
eral character may be seen from tlie following description: 

To the feel the lower sample of the under clay was about the same 
in grittiness and fineness of grain as the upper part of this lower clay 
stratum (No. 2), but the plasticity was seemingly greater. The clay 
slaked rather readily to irregular granules, requiring 26^ of water added 
to it in order to produce a workable paste, which was very plastic. This 
paste shrank lO.G;^ in drying and 5^ in burning, making a total shrink- 
age of 15.6^. The average tensile strength of the air-dried briquettes 
was 206 lbs. per square inch, and the maximum strength 218 lbs. per 
square inch. 

Incipient fusion occurred at 1900'' F., vitrification at 2050** F., and 
viscosity at 2250** F. The clay burned to a dense red body. Its com- 
position is as follows: 

Analyiis of the under Briek-elay {No. 3), Roanoke Rapid$, 

Moisture 2.05 

Silica (total) 59.68 

Alumina 16.09 

Ferric oxide 8.91 

Lime 1.35 

Magnesia 14 

Alkalies 3.24 

Water (loss on ignition) 6.33 

Total 97.79 

Clay substance 42.28 

Free sand 39.82 

Total fluxes 13.24 

Specific gravity 2.56 

A comparison of tlie three clays sampled from this locality is worth 
while. The last two, it will be noticed, possess a much greater plas- 
ticity than the first, a greater tensile strength, and burn to a denser and 
harder body at the same temperature than the first one does. 
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The under bed of this bank is far better suited to the manufacture 
of good brick than the upper sandy one; and a mixture of the two 
would be better than using either the upper sandy clay alone or thia 
with sand added. The latter only helps to make the brick more porous 
in view- of its naturallv sandy condition. 

Kear Weldon. — Similar clays to those at Roanoke Rapids are dug 
along the railroad south of the depot; they are used for the manufacture 
of common building brick. 

Near Halifax also there are extensive beds of clay, but these, like 
those at Weldon, could not be carefuUv examined in time for the 
present report. 

CLAY IN HABNETT COUNTY. 

Near Spout Springs. — There are three cuts along the line of the 
C F. & Y. V. R. R. between Fayetteville and Spout Springs in which 
there are exposed considerable quantities of a purplish clay. The first 
of these is bet\veen the 92d and 93d mile post,^ and just N.W. of 
ilcClenehan cut. The clay comes up in a low, dome-shaped mass, 
showing a maximum thickness of 8 feet above the roadbed. There is 
very little sand covering, and the clay is remarkably homogeneous in 
its character. An examination of a sample from this cut showed it to 
be a fine-grained, tough clay, even grained and with conchoidal frac- 
ture. It slakes easily in water to grains. It required 35^ of water to 
^ive a workable paste that was only slightly plastic but smooth. This 
paste shrank lOj^ in drying and ^^ in burning, giving a total shrinkage 
of 14;^. Air-dried briquettes made from this paste had an average ten- 
sile strength of 27 lbs. per square inch and a maximum of 31 lbs. per 
square inch. 

Incipient fusion occurred at 1950** F., vitrification at 2150** F., and 
viscosity at 2350' F. The clay burns to a buff at 2000' F., but with 
more firing turns red. The composition of it is as follows: 

Analysis of Bnck-clay (No. 16), C7. F. db F. F. R, /?., 92-93 mile post. 

Moisture 1.42 

Snica (total) 64.16 

Alumina 21.71 

Ferric oxide 1.58 

Ferrous oxide 1.08 

Lime 23 

Magnesia 15 

Alkalies 77 

Water (loss on Ignition) 8.30 

Total 99.40 

^ Measuring from Wilmington. 
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Clay substance 58.55 

Free sand 40.90 

Total fluxes 3.81 

Specific gravity 2.43 

The second cut is at the 100-mile post, and the clay shows nine feet 
of thickness. 

Here, again, the clay (Xo. 17) is very fine-grained and homogeneous, 
but not quite so gritty as the preceding. It slakes just the same, and 
required 32;^ of water to make a workable but rather lean paste, which 
shrunk 8^ in drying and 6,^ in burning, or a total of 14j^. The air-dried 
briquettes had an average tensile strength of 24 lbs. per square inch and 
a maximum of 29 lbs. per square inch. Incipient fusion occurred at 
1950' R, vitrification at 2150' F., and viscosity at 2350^ F. The clay 
bums to a smooth, red body. Its composition is: 

Analysis of Brick clay {No. 17), C. F, dt T, V, R, R,, at 100 mile post. 

Moisture 1.35 

Silica (total) 50.68 

Alumina 32.51 

Ferric oxide 3.06 

Lime 30 

Magnesia 02 

Alkalies 58 

Water (loss on ignition) 11.08 

Total 99.58 

Clay substance 83.43 

Free sand 16.15 

Total fluxes 3.96 

Specific gravity 2.53 

The third cut along the railroad is a half mile siDutheast of Spout 
Springs and shows fully 12 feet of this clay; while a fourth exposure 
of it is in the cut just northwest of Spout Springs station (Plate XII^ 
fig. 2). 

The clay exposed in this last mentioned cut possesses the same homo- 
geneous, tough, fine-grained character as those just described. A sample 
(Xo. 18) tested from this place slaked quickly and, when mixed with 
35^ of water, gave a workable, lean, smooth mass that shrunk 9^ in 
drying and 8^ in burning, a total shrinkage of 17^. The air-dried 
briquettes made from this paste had an exceedingly low tensile strength, 
19 lbs. per square inch on the average with a maximum of 25 lbs. per 
square inch. Incipient fusion occurred at 2000** F., vitrification at 
2200** F., and viscosity at 2400**. The clay bums to a red-gray dense 
body. The following is the composition of this clay: 
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Analysis of Clay {No. 18), C. F. & Y, V, R. /?., Spout Springs station. 

Moisture 1.05 

Silica (total) 53.65 

Alumina 28.66 

Ferric oxide 4.50 

Lime 10 

Magnesia 1.35 

Alkalies 29 

Water (loss on ignition) ; 10.79 

Total 100.39 

Clay substance 73.77 

Free sand 26.65 

Total fluxes 6.24 

Specific gravity 2.41 

CLAY IN JACKSON COUNTY. 

Near Sylva. — Along the road south of Sylva and three-quarters of a 
mile from the kaolin washing works is considerable outcropping of gray 
clay (No. 65) with much quartz. There is also an abundance of mica 
scales in it. The clay which has been experimented with in the hopes 
that a ball-clay might be obtained from it by washing, contains too much 
ferric oxide. Its chief application lies in the manufacture of pressed 
brick, or to mix with a more plastic clay for vitrified wares, such as 
sewer-pipe or possibly paving brick. 

* The clay, which varies from coarse to fine, contains abundant grains 
of quartz as well as scales of mica. It slakes slowly to irregular grains. 
The addition of 28;^ of water gave a tough but stiflF mass, which to the 
feel was gritty and plastic. The shrinkage in drying was 9ft and in 
burning 5^, giving a total shrinkage of 14j^. The average tensile 
strength of the air-dried briquettes was 58 lbs. per square inch, with a 
maximum of 67 lbs. Incipient fusion occurred at 2100** F., vitrifica- 
tion at 2300" F., and viscosity at 2500' F. 

The clay bums red. Its composition is as follows: 

Analysis of Brick-elay (No, 55), near Sylva, 

Moisture 45 

Silica (total) 66.70 

Alumina 19.75 

Ferric oxide 3.25 

Lime 45 

Magnesia 16 

Alkalies 2.12 

Water (loss on ignition) 6,65 

Total 99.53 
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Clay substance 47.28 

Free sand 52.25 

Total fluxes 6.08 

Specific gravity 2.59 

CLAY IN MABl^N COUNTY. 

Near Williamston. — Two samples of residual clay from this locality 
were submitted to the Geological Survey for testing. The first (No. 66) 
was a moderately coarse-grained clay which slaked easily to irregular 
grains. The addition of 40^ of water was required to give a workable 
mass that to the feel was lean and gritty. This mud shrunk 13^ in 
drying and S'J^ in burning, giving a total shrinkage of 16^. Care had 
to be exercised in drying to prevent it from cracking. The average 
tensile strength of the air-dried briquettes was 67 lbs. per square inch, 
while the maximum was 78 lbs. Incipient fusion occurs at 2000** F., 
vitrification at 2150** F., and viscosity at 2300** F. The clay bums 
red at incipient fusion, but above that the color deepens rapidly. 

The second sample was similar in appearance to the first one, and, 
like it, slaked easily to its component grains. The addition of 29;^ of 
water gave a workable but lean, sticky mass, which shrunk 10;^ in drv- 
ing and 2^ in burning, giving a total shrinkage of 12jl^. The air-dried 
briquettes had an average tensile strength of 74 lbs. per square inch 
with a maximum of 100 lbs. Incipient fusion occurred at 2000** F., 
vitrification at 2150** F., and viscosity at 2200** F. 

The clay burns red at 2000** F., but the color becomes much deeper 
with harder firing. 

This clay cracks less than the previous one in drying, for the shrink- 
age is less. 

Both these clays illustrate the lean character and low-binding quali- 
ties of some clays, both sedimentary and residual. Their porous 
nature and avidity for water cause them to soak up large quantities of it, 
and the consequent expulsion of this water brings about excessive shrink- 
age and necessitates very slow drying. The only remedy in such case3 
is the admixture with these lean, porous clays of other clays that are 
more compact and have better binding qualities. 

CLAY IN MECKLENBTTBO COUNTY. 

Near Charlotte. — The region in the vicinity of Charlotte is under- 
lain by sedimentary clays in the hollows, and residual clays on the 
hills. While those in the hollows are largely composed of the wash 
from the hills, still, on account of the sorting and elimination of coarse 
particles which follow as a result of the washing, the lowland deposits 
are smoother and more plastic. 
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One of the latter class is near D, K. CeciVs yard on Trade street at 
the east edge of the town. 

The section of this clay bank shows the following: 

Loam (soil) 12-18 inches. 

Clay 8 feet. 

Sand 

The clay is gray, mottled with iron stains, fine-grained, fairly smooth. 
Tliere is no mica apparent. It slakes quickly. 

The addition of 25.8ji^ of water gave a moderately plastic paste with 
somewhat gritty feel. This paste shnink G>' in drying and 6% in burn- 
ing, giving a total shrinkage of 12,^. The average tensile strength of 
air-dried briquettes was 88 lbs. per square inch with a maximum 
strength of 95 lbs. per square inch. 

Incipient fusion occurs at 1850° F., vitrification at 2050** F., and 
viscositv at 2250** F. 

The clay bums to a red, fairly smooth body. Its composition is as 
follows: 

Analym /»/ D, K, CeciV$ Brick- day {No. 39), Charlotte. 

Moisture 1 ..35 

Silica (total) (58.35 

Alumina 13.13 

Ferric oxide G.87 

Lime 2.10 

Magnesia 32 

Alkalies 2.86 

Water (loss on ignition) 5.20 

Total 100.18 

Clay substance 38.73 

Free sand 01.45 

Total fluxes 12.15 

Specific gravity 2.G8 

Mr. Cecil uses the clay for the manufacture of common brick. The 
clay is molded in an auger side-cut machine, dried on pallets and burned 
in scove kilns. The product is usually a hard, dense brick. 

At Ilousers yardy one-quarter mile from Cecil's, tliere is a similar 
deposit of sedimentary clay. It contains an abundance of small quartz 
grains. The bricks are barely burned to incipient fusion. Houser's 
plant includes a pair of rolls, Brewer side-cut machine, and pallet racks. 

The clay from this yard was not tested. It is situated along the 
same stream as Cecil's deposit. 

At F, M, Sassamon^s bricl-yardy two miles northwest of Charlotte, 
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the clay lies in a hollow and covers a number of acres. Its exact thick- 
ness is not known, but it is not less than six feet. A sample of this clay 
was examined and found to be a somewhat coarse-grained, porous clay. 
It slakes moderately fast to fine aluminous mud and granules. The 
addition of 35;?^ of water gave a plastic mass, which shrunk 13.3^ in 
drying and 8^ in burning, giving a total shrinkage of 21.3^. The dry- 
ing could not be hurried, as otherwise cracking resulted. The average 
tensile strength of the air-dried briquettes was 105 lbs. per square inch 
with a maximum of 125 lbs. 

Incipient fusion occurred at 1950** F., vitrification at 2100° F., and 
viscosity at 2250° F. The clay bums red. 

Its composition is as follows: 

Analysis of F. M, Sassamon*s Briek-clay {No. 42). CharloUe, 

Moisture 1.27 

Silica (total) 65.95 

Alumina 14.67 

Ferric oxide 7.61 

Lime 2.57 

Magnesia 25 

Alkalies 2.55 

Water (loss on Ignition) 5.52 

Total 100.39 

Clay substance 43.84 

Free sand 56.45 

Fluxes 12.98 

Specific gravity 2.60 

Shuman operates a deposit (No, 41) just north of Charlotte, which is 
a mixture of sedimentary clay and residuum. It is about 9 feet thick 
as exposed, and varies from a sandy clay to a fat, tough one. 

Most of it is coarse-grained, gritty, and slakes slowly but completely. 
The clay required the addition of 35^ of water to give a workable, 
though lean mass. Its porous nature permitted rapid drying, and it 
shrunk 6^ in doing so. The shrinkage in burning was 4^, giving a 
total shrinkage of 9^. Air-dried briquettes had an average tensile 
strength of 26 lbs. per square inch and a maximum of 28 lbs. Incipi- 
ent fusion occurred at 2100* F., vitrification at 2200** F., and viscosity 
at 2300** F. The clay bums to a reddish brick. 

The composition of it is as follows: 

Analysis of F, W. Shuman' s Brick-clay {No. 41), Charlotte, 

Moisture 7.10 

Silica 59.15 

Alumina 18.36 
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Ferric Qxide 6.04 

Lime 20 

Magnesia 34 

Alkalies 1.72 

Water Goss on ignition) 7.47 

Total 100.38 

Free sand 39.50 

Total fluxes 8.30 

Specific gravity 2.44 

J. Asbury has a brickyard about one and a half miles north of the 
town. The section at the clay bank shows four feet of red clay (sample 
Ko. 62) and under this six feet of very plastic blue clay. The addition 
of 25^ of water gave a workable paste of good plasticity. 

This paste shrank 7^ in drying and 5^ in burning. The average 
tensile strength of the air-dried briquettes was 60 lbs. per square inch 
with a maximum of 72 lbs. per square inch. Incipient fusion occurred 
at 1900' F., vitrification at 2100° F., and viscosity at 2300' F. 

The clay burns red. Its analysis shows the following: 

Analysis of J, Asbury^s vpper red Brick-clay {No. 62), Charlotte. 

^loisture 63 

Silica (total) 60.33 

Alumina 18.57 

Ferric oxide 10.03 

Lime 20 

Magnesia 14 

Alkalies 55 

Water (loss on Ignition) 7.83 

Total 98.28 

Clay substance 56.2.'? 

Free sand 42.05 

Total fluxes 10.92 

Specific gravity 2.60 

CLAY IN BICHMOND COUNTY. 

Neab Eockingham. — A red, coarse-grained, sedimentary clay (No. 
23) occurs at Koberdell, four miles north of Rockingham. The upper 
portion of the deposit is somewhat sandy. In practice the bricks seem 
to shrink considerably in burning and also to crack, but they burn to 
a deep red color. The deposit is owned by R. L. Steele. 

A sample of this clay slaked slowly to grains -gV ^^ tV in. diameter. 
It required 20,^ of water to make a workable paste which shrunk 6,*^ 
in drying and S^ in burning, making a total shrinkage of 14^. It 
required slow heating to avoid cracking. The average tensile strength 
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of air-dried briquettes made from this paste was 133 lbs. per square 
inch with a maximum of 154: lbs. Incipient fusion occurs at 2000" F., 
vitrification at 2200° F., viscosity at 2400"* F. The clay bums to a deep 
red. It is not fine or smooth enough to be used for pottery. The 
composition of the clay is as follows: 

Analysis of Brick clay {No, 23), 4 miles N. of Rockingham. 

Moisture 1.98 

Silica (total) 59.59 

Alumina 22.07 

Ferric oxide 4.27 

Lime 05 

Magnesia 49 

Alkalies 2.70 

Water (loss on Ignition) 7.53 

Total 90.28 

Clay substance 51.63 

Free sand 47.05 

Fluxes 8.11 

Specific gravity 2.54 

CLAY IN BOBESON COUNTY. 

Xeab Red Springs. — ^Five or six brickyards have been in operation 
at this locality for some years. The flat, wooded region around the 
town is underlain by abundance of yellowish, coarse-grained, sandy clay 
of extreme leanness. The abundant sand grains are nearly all pure 
quartz. 

The poor quality of this material is evident on sight, but a sample 
(Xo. 19) was tested in order to demonstrate this fact, for there is a 
tendency among many small manufacturers to use very sandy clay, as it 
molds easier. 

The examination showed it to be a porous, coarse clay, slaking fairly 
fast in water. It required 17j?^ of water to make a workable mass 
which was extremely lean. This paste shrank 8.8^ in drying and 4^ 
in burning, giving a total shrinkage of 12.8^. Air-dried briquettes 
had an average tensile strength of 41 lbs. per square inch and a max- 
imum of 51 lbs. Incipient fusion occurred at 2100** F., vitrification at 
2250' F., viscosity at 2400° F. At 2100' F. it burns red, but is still 
porous and weak. 

The composition of the clay is as follows: 

Analysis of Brick-clay {No, 19), Red Springs, 

Moisture 1.09 

Silica (total) 78.16 

Alumina 8.26 

Ferric oxide 4.00 

Lime 40 
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Magnesia 22 

Alkalies 2.91 

Water (loss on ignition) 4.14 

Total 99.27 

Clay substance 15.22 

Free sand 74.05 

Total fluxes 7.62 

Specific gravity 2.60 

The chemical analysis indicates the large percentage of sand in the 
clay, and the quantity and coarseness of this sand makes the clay too 
lean. On account of this very high percentage of sand in the clay 
considerable heat is required to make a hard brick of it. 

None of the clay pits at Red Springs are deep, and it is not known 
whether the clay increases with depth, but if it does the product would 
be of much better quality by using it. 

CLAY IN BOWAN COUNTY. 

]Xear Salisbury. — Half a mile south of the station is an area of 
swamp land underlain by considerable clay, mostly of a plastic nature. 

The section shows G feet of clay underlain by sand, and the tract is 
about an eighth of a mile long. There are occasional iron streaks in 
the clay, but these are mostly confined to sandy spots. A sami)le of 
this clay (Xo. 48) which was tested showed it to be medium-grained 
with considerable grittiness. It slaked slowly and required the addi- 
tion of 28^ of water to give a workable mixture which was very plastic. 
This mass shrunk 8.5^ in drying and 5.5^ in burning, giving a total 
shrinkage of 14;?^. The average tensile strength of air-dried briquettes 
was 129 lbs. per square inch with a maximum of 144 lbs. Incipient 
fusion occurs at 1850° F., vitrification at 2050° F., and viscosity at 
2250" F. 

The clay burns to a red color. Its composition is as follows: 

Analyiis of Brick-elay {No. 48), south side of Salisbury, 

Moisture 1.91 

Silica (total) 69.89 

Alumina 15.31 

FeiTic oxide 4.39 

Lime 55 

Magnesia 16 

Alkalies 70 

Water (loss ou ignition) 6.37 

Total 99.28 

Clay substance 47.38 

Free sand 51.90 

Total fluxes 5.80 
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This clay has been used at D. K. Cecil's brickyard for five years. 
The clay receives no tempering, but is charged directly into a small 
auger machine with a three-stream die. The bricks are dried in the 
sun and burned in scove kilns. 

The quality of the brick admits of much improvement, and the 
quality of the clay warrants it. 

CLAY IN SUBBY COUNTY. 

Near Elkin. — An opening has been made one mile west of town 
along the railroad and on the property of the Pomona Sewer-pipe Co., 
and exposes the same yellowish clay as that noted at Wilkesboro. The 
clay is 8-10 feet deep and underlain by sand and coarse pebbles. 

The clay itself (No. 38a) is fine-grained and contains numerous small 
mica scales and fine grit. It slakes somewhat slowly to its component 
grains. The addition of 16^ of water gave a workable but somewhat 
lean mud, which shrank 7^ in drying and 9^ in burning. The average 
tensile strength of the air-dried briquettes was 69 lbs. per square inch 
and the maximum was 73 lbs. 

Incipient fusion occurred at 1900** F., vitrification at 2100** F., vis- 
cosity at 2300° F. The clay burns red and gets very deep red or 
brown on vitrifying. 

The analysis of it yielded the following: 

Analysis of Brick-clay {No, 38a), Pomona Co/s bank, Elkin, 

Moisture 90 

Silica (total) 59.48 

Alumina 19.24 

Ferric oxide 8.26 

Lime eo 

Magnesia 1.01 

Alkalies 3.76 

Water (loss on ignition) 6.41 

Total 99.66 

Clay substance 49.21 

Free sand 50.35 

Total fluxes 13.53 

Si)ecific gravity 2.59 

Mixed with some more plastic clay, such as that used for sewer-pipe 
at Pomona, this clay might possibly be used for the manufacture of 
paving brick. 

There are numerous points between Elkin and North Wilkesboro 
where the cutting of gullies in the terrace has exposed this yellow clay. 

The clay used at the brickyards just east and west of Elkin is resid- 
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ual material of uncertain character and not associated with that down 
in the valley bottom. 

While these yellow clays of the lowlands would doubtless make a 
good smooth building brick by the soft-mud process, it is doubtful if 
they would work in an auger machine, and probably refuse to issue 
from the die without tearing, for there is little bond between the clay 
particles. In mixing, it also shows slight tendency by itself towards 
the development of a laminated structure. 

CLAY IN UNION COUNTY. 

Near Monroe. — The lowlands southwest of the depot are underlain 
by an abundance of blue clay, and though only about 6 feet deep, 
still it covers a considerable area. As the creek which flows through the 
lowland is approached the clay becomes more sandy. 

A sample of this clay (No. 40) was found to be fairly smooth and 
slaked slowly but rather completely. It required the addition of 23j^ 
of water to produce a workable mass that was very plastic and that 
shrank 6^ in drying and 3^ in burning, giving a total shrinkage of 9^. 
Incipient fusion occurred at 1950*" F., vitrification at 2150** F., and 
viscositj at 2350° F. The clay bums red, but underburning produces 
a yellowish red. 

For a plastic clay the shrinkage is quite low. 

The average tensile strength of the air-dried briquettes was 124 lbs. 
per square inch with a maximum of 148 lbs. per square inch. 

It is probable that some of the finer portions of this clay bed could be 
used for the lower grades of stoneware. 

The composition of the clay is as follows, the sample (No. 40) coming 
from J. T. Shute's clav bank: 

Analym of Brick-clay {N'J. 40), Sfiute^i ehiy hnnk^ Monroe, 

Moisture 1.65 

Silica (total) 76.00 

Alumina 9.98 

Ferric oxide 4.46 

Lime 30 

Magnesia 27 

Alkalies 2.25 

VTater (loss on ignition) 4.30 

Total 99.81 

Clay substance 34.26 

Free sand 65.55 

Total fluxes 7.28 

The clay contains a small amount of organic matter and is a good 

illustration of the combination of low alumina and marked plasticity. 
9 
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J. T. Shiite manufactures common brick from the clay at Monroe. 
The clay makes a very fair product, but has to be burned carefully. 

The bricks are molded in a Brewer auger machine with vertical pug- 
ging cylinder attached. 

CLAY IN WAKE COUNTY. 

Neab Kaleigh. — Much clay of very plastic nature underlies the 
bottom lands north and east of the citv. It has thus far been worked 
only for building brick, although promising experiments have been 
made looking towards its utilization for the coarser grades of pottery. 
A small deposit of considerable plasticity underlies the low ground 
between Caraleigh Mills and the phosphate mill southeast of town. 
This deposit is not nearly so extensive, however, as that north of the 
town in the lowland along the Neuse river. 

The clay used at the penitentiary is obtained from the lowland 
southeast of the city. The upper two feet are a yellowish sandy clay, 
but under this is a much fatter gray clay possessing considerable plas- 
ticity to the feel, and frequently comparatively free from grit in the 
form of coarse sand grains. A small amount of organic matter is 
present. It is a tough, fairly compact clay which slakes rather fast to 
grains and granules. It required the addition of 26^ of water to make a 
workable mass, which shrunk 9.3^ in drying and in burning, giving a 
total shrinkage of 13.3j?^. Air-dried briquettes made from this mixture 
had an average tensile strength of 123 lbs. per square inch and a max- 
imum tensile strength of 144 lbs. per square inch. Incipient fusion 
occurred at 2000' F., vitrification at 2150° F., and viscosity at 2300' F. 
The clay burns to a red, which increases in depth of color when the 
clay is burned to vitrification. The composition of this clay is shown 
by the following: 

Analysis of Brick-day {No. 23), Penitentiary Yard, Raleigh, 

Moisture 1.60 

Silica (total) 70.03 

Alumina 15.64 

Ferric oxide 2.88 

Lime 80 

Magnesia 57 

Alkalies 1.47 

Water (loss on ignition) 6.37 

Total 99.36 

Free sand 54.55 

Clay substance 44.81 

Total fluxes 5.72 

Specific gravity 2.54 
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The low percentage of total fluxes accounts partly for the fusion 
point being 2300°. 

It is probable that some of the smoother portions of this clay deposit 
would work very well for common stoneware. 

The clay underlying A. H. Green's land on the north side of the 
river is less gritty. 

The clay-working industry around Raleigh is confined to the manu- 
facture of common brick. These are made by the Caraleigh Mills 
Company and the North Carolina State Penitentiary. Both used hand- 
molds and dry the bricks in the sun and burn them in up-draft, open- 
top kilns. Considering the method of molding, the clay makes a very 
good red building brick. Steam-power machinery would no doubt 
greatly increase the value of the product. Re-pressing has been tried 
with considerable success, and brick thus treated were used in the gov- 
ernor's mansion at Raleigh. 

CLAY IN WAYNE COUNTY. 

Near Goldsboro. — There are extensive beds of sedimentary clay 
underlying the lowlands southeast of the town. At the Goldsboro Brick 
and Tile Company^ or Grant's yard, one mile southwest of Goldsboro, 
quite a large surface has been worked over in obtaining its clay, in order 
to use the clay at the surface, which is far more sandy but of good plas- 
ticity. The exact depth of the clay is not known. 

A track runs along the central portion of the excavation, and the clay 
is dug by means of scrapers and brought to cars on the track. These 
cars are hauled to the foot of an incline and drawn up by cable to the 
second floor of the works, where the clay is discharged. It passes first 
through a pair of rolls and then to the pugmill, from which it is dis- 
charged into a Kell's auger machine. The brick are side-cut, and the 
cutting table is operated by hand power. Ten brick are cut at a time 
and discharged from the cutting table on to a pallet. The bricks are 
carried directly to the drying chambers. These consist of a series of 
cupboards, across which nms a series of parallel steam-pipes, which 
serve as a shclviug. The pallets are shoved endwise into each cham- 
ber. In the practice of this method a considerable per cent, of the 
brick may be lost when, in pushing the pallet into the chamber, the 
" off-bearer " pushes against the end brick instead of the pallet and 
crushes the former all out of shape. The drying requires three days 
when heat is applied during the daytime only. The yard is also 
equipped with pallet racks. 

Burning is done in up-draft kilns with a capacity of about 200,000 
each. The bricks are burned to a light red. 

The upper part of the clay consists of tough, light-blue plastic clay 



132 CLAY DEPOSITS IN NORTH CAKOLINA. 

with much intermixed sand. The use of the rolls is supposed to break 
up these lighter-colored lumps of clay, but it does not always do so 
entirely, as can be seen from an inspection of the burned brick, the 
lighter-colored lumps of the clay occasionally showing wHlthin. A wet 
pan would probably give better results. The mixture of the sandy and 
tough clay gives the best results and makes a good brick. 

A sample of this clay was tested. It was a coarse to fine-grained 
clay (Xo. 7) that slaked irregularly. The addition of 33 per cent, 
of water gave a fairly plastic and somewhat tough mass, which shrunk 
S^ in drying and 6^ in burning, giving a total shrinkage of 14c^. The 
air-dried briquettes had an average tensile strength of 65 lbs. per square 
inch and a maximum tensile strength of 74 lbs. per square inch. Incipi- 
ent fusion occurs at 1900" F., vitrification at 2100** F., and viscosity at 
2300" F. 

This kind of clay should be thoroughly mixed, and when so treated 
it burns to a uniform attractive red, but if the clay be not well mixed 
the lumps of tougher clay are plainly seen if the temperature is raised 
rapidly so that the iron in them does not get a chance to become thor- 
oughly oxidized. The composition of this clay mixture is as follows: 

AnalysiH of GranVs Brick^zlay (No, 7), Goldshoro. 

Moisture 1.58 

Snica (total) 66.05 

Alumina 17.81 

Ferric oxide 6.69 

Lime 30 

Magnesia 25 

Alkalies 1.04 

Water (loss on ignition) 6.32 

Total 100.04 

Clay substance 51.47 

Total fluxes 7.76 

Free sand 48.(^ 

Specific gravity 2.53 

r 

Near the factory of the Goldsboro Brick and Tile Company is a con- 
siderable quantity of tough clay which is called " fire-clay," but which 
is not a true fire-clay as that term is generally used. This clay simply 
requires a little more heat in burning the brick than the clay usually 
employed. 

A sample of this "fire-clay" showed it to be a tough, plastic, fine- 
grained clay with scattered scales of mica. It slakes moderately fast 
to a mixture of fine powder and small angular quartz grains. The addi- 
tion of 25;^ of water gave a plastic, workable paste that shrunk 8.5j< in 
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drying and an additional 6^ in burning, giving a total shrinkage of 
13.5^. The air-dried briquettes made from this paste had an average 
tensile strength of 107 lbs. per square inch and a maximum of 125 lbs. 
per square inch. Incipient fusion occurs at 1950° F., vitrification at 
2150** F., and viscosity at 2300** F. The clay bums to a deep red, 
tough, dense body, and might be worked for stoneware. 
The following analysis shows its composition: 

Analysis of OranVs *' Fire-clay" {No. 9), Ooldhboro. 

Moisture 1.12 

Silica (total) .65.96 

Alumina 13.51 

Ferric oxide 4.64 

Lime 35 

Magnesia 36 

Alkalies 2.82 

Water (loss on ignition) 11.58 

i "~~"~^ 

Total 100.33 



* 



Clay substance 49.63 

Total fluxes 8.17 

Free sand 50.70 

Specific gravity 2.55 

On account of the high percentage of combined water the clay had to 
be heated very slowly to prevent cracking. 

U. Weil £ Bros.^ yard and clay bank are about a mile and a half 
southwest of Goldsboro. Their clay deposit, which is an extension of 
that of the Goldsboro Brick & Tile Co., contains a considerable quan- 
tity of plastic clay. This is 8 feet thick in places, and towards the 
surface becomes mixed with sand. The clay is molded by hand and 
pugged in a vertical mill operated by horse-power. The water-smoking 
and burning is done in the rather short time of five days. 

A sample of the plastic clay (No. 8) tested showed it to be moder- 
ately fine with considerable grit and mica scales. The clay is some- 
what porous but tough, and slakes slowly to irregular grains. The 
addition of 25^^ of water gave a workable mixture of fair plasticity. It 
shrunk 8.3;^ in drying and *S^ in burning, giving a total shrinkage of 
11.3^'. The air-dried briquettes made from the worked-up paste had 
an average tensile strength of 85 lbs. per square inch and a maximum 
strength of 102 lbs. per i^cpiare inch. Incipient fusion occurs at 1900' 
F., vitrification at 2100° F., and viscosity at 2300' F. 

The clay burns to a red color. Underbuming and imperfect oxida- 
tion make the ])riek grayish-red or brown, and porous. 

The composition of the clay is as follows: 
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Analym of }yeiV» Brick-ehiy {No, 8), OolcUboro. 

Moisture 1.85 

Silica (total) 67.90 

Alumina 18.74 

Ferric oxide 3.10 

Lime 40 

Magnesia 45 

Alkalies 1.85 

Water (loss on ignition) 6.03 

Total 100.38 

Clay substance 46.23 

Total fluxes 5.86 

Free sand 54.15 

Specific gravity 2.57 

CLAY IN WILKES COUNTY. 

Near Wilkesboro. — The valley of the Yadkin river at this locality 
is nearly three-quarters of a mile wide, and its broad, fiat bottom is 
underlain by an abundance of clay. 

At D. Smoak^s yard, on the south side of the river just west of the 
iron bridge, the clay is said to be 13 feet thick and to be underlain by 
gravel and sand. As the river is approached, the surface sand increases 
in depth. The clay is claimed to improve greatly with the depth, so 
a sample (No. 37) was taken from the bottom of the deposit and one 
(No. 36) representing the average material now used. 

The latter (No. 36) is a fine-grained, yellowish clay with numerous 
very small mica scales. It slakes quite rapidly and completely to fine 
grains. The addition of 25j<r of water gave a workable but lean paste. 
This paste shrunk 5^ in drying and 10^ in burning, giving a total 
shrinkage of 15j^. The average tensile strength of the air-dried bri- 
.quettes was 74 lbs. per square inch with a maximum of 76 lbs. per 
square inch. 

Incipient fusion occurs at 1900° F., vitrification at 2100° F., and 
viscosity at 2300° F. 

At 2100° the clay burns to a good red, but above this temperature it 
darkens rapidly. 

The composition of this clay ia as follows: 

Analysis of Smoak'a Brick -clay (No. 36). Wilkeiboro. 

Moisture 1.03 

Silica (totai) 53.75 

Ahnnina 24.91 

Ferric oxldo 7.9?) 

Lime 70 

Magnesia 1.12 
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Alkalies 2.94 

Water (loss on ignition) 7.(50 

Total 100.04 

Clay substance 54.04 

Total fluxes 12.75 

Free sand 46.00 

Specific gravity 2.63 

The bottom day (No. 37) at Smoak's brickyard is also a fine-grained, 
yellowish-brown clay with abundant fine grit and small mica scales. 
It slakes rather quickly and completely to its component grains. The 
clay required 24,^ of water to make a workable paste, which was some- 
what lean. 

Tliis paste shrunk G,^ in drying and d^ in burning, giving a total 
shrinkage of 15^, The average tensile strength of the air-dried bri- 
quettes was 71 lbs. per square inch with a maximum of 8-1 lbs. 

Incipient fusion occurred at 1900° F., vitrification at 2100° F., and 

viscositv at 2300° F. 

«• 

The clay bums to a bright red at 1900° F., but this rapidly darkens 
as the temperature is raised. 

The physical characters of this clay are therefore closely similar to 
that composing upper portions of the dej>osit. 

The composition of this lower clay is as follows: 

Analy$U of Smoak's bottom Brick-clay (No, 37), WUkahoro, 

Moisture 2.10 

SlUca (total) 52.25 

Alumina 20.66 

F€»rric oxide 11.14 

Lime 60 

Magnesia 1.08 

Alkalies 4.62 

Water (loss on ignition) 7.45 

Total 90.90 

Clay substance 57.45 

Total flu.ves 17.44 

Free sand 42.45 



S 



peoific gravity 2.44 



In fluxes this bottom clay runs several per cent, higher than the top 
and contains less alumina. 

This clay and the preceding one described underlie the same terrace 
as does the pottery clay on the Calvin Cowles land, the two being not 
more than half a mile apart (see p. 79). 
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Mr. Smoak uses the yellowish clay for the manufacture of eommoD 
brick. It is molded by hand, dried in the sun and burned in up-draft, 
permanent side-wall kilns. The clay makes a good brick, and also 
yields promising results with re-pressing. Some of the re-pressed brick 
are to be seen in the bank building at North "Wilkesboro. 

CLAY IN WILSON COUNTY. 

Near Wilson. — Sedimentary clay occurs in considerable quantity on 
the east and northeastern edge of the town and is extensively worked. 
The A. C. L. R. R. passes close to the deposits. At B. Lucas's yard, 
northeast of the town along the railroad, the section is as follows: 

Sandy soil 1 f t 

Sand, clayey in spots , 2 ft 

Sandy clay, red 8 ft 

Blue clay 3 ft. + 

The sandy soil is stripped and a mixture of the remaining portion of 
the section used. Two openings have been made which show similar 
sections, but the clay in the southern one is red while that in the north- 
em one is blue. Little iron concretions are not uncommon in the upper 
portion of the bed, and these in burning produce fused spots. 

The red clay (No, 4) is the more sandy of the two. It is a 
gritty clay, porous and slakes very quickly. The addition of S2^ of 
water gave a lean mass, which shrunk 10^ in drjdng and 5^ in burning, 
giving a total shrinkage of 15^. The average tensile strength of air- 
dried briquettes made from this paste was 84 lbs. per square inch and 
the maximum 98 lbs. Incipient fusion occurred at 1800° F., vitrifica- 
tion at 1950° F., and viscosity at 2100° F. The clay burns to a red 
but not very dense body. With hard firing it becomes converted into a 
black, impervious body in which the individual quartz grains stand 
out with great distinctness. 

The composition of the clay is as follows: 

Analysis of red Brick-clay (No. 4), Lvcas' Ynrd^ N, E, of Wilson. 

Moisture 2.31 

Silica (total) 62.99 

Alumina 13.56 

Ferric oxide 11.52 

Ferrous oxide 0.33 

Lime 10 

Magnesia 29 

Alkalies 2.07 

Water (loss on ignition) 6.03 

Total 99.20 



BBIOK-CLAY DEPOSITS IN NOBTH CAROLINA. 137 

Clay subfitance 55.05 

Total fluxes 14.31 

Free sand 43.25 

Specific gravity 2.G2 

The insoluble residue is probably mostly quartz, and the high per* 
centage of ferric iron gives the clay its red color. 

The blue clay is also gritty to the feel, somewhat finer grained than 
the red, and slakes slowly to scaly grains in water. Like the red, it 
shows no mica scales. It required 30^ of water to produce a workable 
paste. This was quite plastic and shrunk S^ in drying and 6.6^/i in 
burning, giving a total shrinkage of 13.5^. Briquettes of this air-dried 
paste had an average tensile strength per square inch of 107 lbs. and 
a maximum of 129 lbs., much stronger, it will be seen, than the red. 
Inoipient fusion occurs at 1900° F., vitrification at 2050° F., and vis- 
cosity at 2200° F. The clay bums to a red. 

Its composition is as follows: 

Analysis of Lucas' blue Brick-clay {No, 5), N, E, of Wilson. 

Moisture 1.70 

Silica (total) 68.90 

Alumina 14.36 

Terrlc oxide 6.04 

Lime 03 

Ma^rnesia 31 

Alkalies 2.80 

Water ^loss on Ignition) 5.83 

Total .99.47 

Clay substance 48.72 

Total fluxes 8.68 

Free sand 51.75 

Specific gravity 2.45 

Mr. Lucari has a second clay bank east of the town, from which he also 
uses the clay for making common brick. The clay in appearance and 
feel, chemical composition and physical properties, is closely like that 
described above as used at the other yard, but the claim is made that it 
not only shrinks less in burning but even swells sometimes. For this 
reason the clay was examined. The only apparent difference from that 
at the other yard, northeast of the town, lies in its slightly higher fusi- 
bility, and, consequently, with only the same amount of firing as that 
given to the other clay, this one would shrink less. It is a gritty clay 
which slakes slowly and requires the addition of 33;^^ of water to give a 
workable paste that to the feel was very plastic. This paste shrunk 
11^ in drying and 4;* in burning, giving a total shrinkage of 15;^. 
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The air-dried briquettes made from this paste had an average tensile 
strength of 13S lbs. per square inch and a maximum of 155 lbs. per 
square inch. 

Incipient fusion occurred at 1950° F., vitrification at 2100° F., and 
viscosity at 2250° F. The color of the burned clay was red. Its com- 
position, as shown by the following analysis, corresponds closely with 
that of the preceding sample. 

Analysis of Lucas' Brick clay (No, 6), E of Wilson. 

Moisture 1.68 

Silica (total) 68.28 

Alumlua 13.50 

Ferric oxide 5.66 

Lime 15 

Magnesia 47 

Alkalies 2.82 

Water (loss on ignition) 6.00 

Total 98.65 

Clay substance 43.69 

Total fluxes 7.69 

Free sand 53.55 

Specific gravity 2.52 

Other clays of the same nature are exposed for some distance along 
the railroad track north and south of Wilson. A number of buff brick 
have been made from a deposit lying south of the town. 

COMPARISON OF CLAYS FROM WILSON AND WAYNE COUNTIES. 

The clays at Wilson and Goldsboro are, as has been previously stated, 
of scdiinentarv nature and somewhat similar in character. 

Experiments and actual practice point to the fact that very different 
results can be obtained from these clays by the use of different methods. 
Hand-molding, imj)roper tempering and hurried burning give a poor, 
porous, badly-colored brick. Steam power machines give a much 
smoother brick. Auger machines were tried by some and given up in 
disgust, but the machines used had the shortest possible pugmill and 
the clay received no other tempering. When rolls are used they seldom 
do more than flatten out the tough lumps of clay. In a cheap auger 
machine the die is often improperly constructed, and laminations of the 
worst kind may be produced in the brick. If the brick is not thor- 
oughly burned, these laminations will result in the shelling off of frag- 
ments from the brick. 



CHAPTER X. 

MANUFACTURE OF PAVING BRICK. 

Few paving brick are manufactured in North Carolina, but a3 some 
of the clays give indications of applicability for this purpose, it may 
be well to say a few words regarding the manufacture of brick for pav- 
ing purposes. General practice has shown that shales are par excel- 
lence the material for making paving brick, for on account of their 
fusible impurities they burn to such a dense body. Shales, however, 
are not always obtainable, and then other clays have to be used. It 
is highly probable that mixtures of clays can be used in North Carolina 
for this purpose. A mixture of the top and bottom clay from Emma, 
in Buncombe County, was tried and burned to a dense, hard body. The 
clays at Elkin and Wilkesboro also bum to a dense, impervious mass, 
but they lack somewhat in plasticity and would have to be mixed with 
a more plastic clay. 

BEQUISITE CHABACTEB OF CLAY. 

.Clays used for making paving brick should have sufficient fluxing 
impurities to enable them to burn to a dense, impervious body at a 
moderate temperature. 

Wheeler * gives the following average composition of a paving brick 
clay deduced from fifty reliable sources. 

Average composition of pating-brick clay. 

Minimum Maximum 
percent. perc*»nt. AverAgre. 

Moisture 0.5 3.0 1.5 

Silica 49.0 75.0 56.0 

Alumina 11.0 25.0 22.5 

Ferric oxide 2.0 9.0 6.7 

Lime 0.2 3.5 1.2 

Ma|?nesia 0.1 3.0 1.4 

Alkalies 1.0 5.5 3.7 

Water (loss on Ignition) 3.0 13.0 7.0 

Total fluxes 13.0 

Chemical composition alone does not determine the use of a clay for 
paving brick. It should be quite plastic to permit molding without 

» VUrlfied Paving Brick. 
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tearing in a stiff-mud auger machine, but not excessively plastic, other- 
wise laminations result. 

From a commercial standpoint, it is of course desirable that the 
shrinkage in drying and burning should be moderate, and that the clay 
will permit drying in 24 to 36 hours. In fact, the lengthening of any 
of the stages of the process of manufacture increases the cost. 

An important point is that the greater the difference in temperature 
between incipient fusion and viscosity the safer it is to thoroughly 
vitrify the brick. The difference in temperature between incipient 
fusion and viscosity should not be less than 250° F. and preferably 
400° F.' 

The color of a paving brick is no indication of its quality. 

MANUEACTUKE OF PAVING BBICK. 

If shale is used it is first crushed in a dry pan and then screened. 

The screened clay is mixed with water in a pugmill of the type de- 
scribed under building brick. 

From the pugmill the clay passes into the stiff-mud machine, which 
has been already mentioned (p. 97). Few paving brick manufacturers 
now use anything except the auger machine. The brick may be either 
end-cut or side-cUt according to the clay. Re-pressing the green brick 
is also commonly done, but the manner of re-pressing may have a 
marked effect on the wearing power of the brick. 

Experiments by Prof. E. Orton, Jr.,' have shown that end-cut 
re-pressed paving brick are the toughest. 

The brick are generally piled on cars and run into tunnels to dry. 
These tunnels are heated by steam-pipes, or coal or oil fires. 

The cars are run in at one end and always discharged from the 
other. 

Paving brick should be burned in down-draft kilns, as they give far 
better results than the up-draft ones. The kiln may be either circular 
or rectangular. Circular kilns have small capacity and are cheap to 
erect, but little used outside of Ohio. Their capacity is about 25,000 
brick. 

Rectangular kilns of 150,000 to 200,000 capacity are the most used. 
There are several types, but their principle is the same. The flames 
and heat enter the kiln at the bottom and pass upwards in pockets set 
against the wall of the kiln and running half-way or three-quarters to 
the roof. The heat escapes from the top of the pockets or bags into 
the kiln, passes downward through the brick and out through the open- 
ings in the floor to the flues leading to the chimney. 

* Olchewsky. In Pwt. Chem. Tech. Analy^te, 1890, and Wheeler, Vitrified Paving Brick, 1885. 
' Clay f^'orker, Feb. and March. 1897. 
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The difference between the various makes of kiln consists in the size 
and shape of the fireplaces, arrangement of flues, slight differences in 
bag walls, number of stacks, etc. Among the various types may be 
mentioned those of Eudaly, Graves, etc. Figure 2 of Plate X (p. 101) 
shows a Eudaly down-draft kiln. 

As paving brick soften somewhat in burning to vitrification, it is nec- 
essary not to make too many courses, otherwise the lower ones are liable 
to be crushed out of shape. The water-smoking period varies accord- 
ing to the clay, but 3-4 days is the average, and the burning takes from 
4 to 7 days longer. The kiln should be cooled very slowly in order to 
anneal the brick and give it that great degree of toughness character- 
istic of all good pavers. 

Great care should be taken to avoid any cold air entering the kiln 
and checking the pavers. 

At several localities continuous kilns are used in the burning of pav- 
ing brick, but while they work fairly well, they are not yet a thoroughly 
established success. 
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BIBLIOGRAPHY. 

Such a list could be made to include thousands of titles, but all that 
is intended here is to give the titles to the more important and easily 
obtained works on clays and the manufacture of clay products. 

The German works contain much that is of importance on the tech- 
nology of clay-working, and many of them can be obtained at reason- 
able rates. 

For an exhaustive index the reader is referred to the Bulletin of the 
U. S. Geological Survey, by J. C. Branner, given below. 

The articles which are mainly locality reports are marked a; those 
dealing largely with the technology alone, 6; reports treating of both 
are marked c. 

Barber, E. A. Pottery and Porcelain of the United States. Xew 
York, 1893. (Historic.) 

Bischof, C. Die Feuerfesten Thone. Leipzig, 1895 (b). 

Blue, A. Vitriiied Bricks for Pavements, 3d Ann. Kept. Ontario 
Bureau of Mines, p. 103. Toronto, 1893 (6). 

Blatchley, W. S. Clays of Coal-bearing Counties of Indiana, Ind. 
Geol. Surv!!, 20th Ann. Kept., p. 24, 1896 (c). 

Boc^k, O. Die Ziegelei-Industrie. Leipzig. 

Branner, J. C. Bibliography of Clays and the Ceramic Arts, Bull. 
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p. 668, 1883. Describes Milwaukee brick and clay (a). 

Cook, G. H. Clays of New Jersey, Geol. Surv. N. J., 1878 (a). 

Cook, R. A. [Manufacture of Fire-brick at Mt. Savage, Md., Trans. 
Amer. Inst. Min. Eng., vol. XIV, p. 698, 1886 (b). 

Cox, E. T. Porcelain, Tile and Potters' Clays, Ind. Geol. Surv., 
1878, p. 154 (a). 

Davis, C. T. Bricks, Tiles and Terra Cotta. Philadelphia, 
1884, second edition 1889 (b), 

Dummler, K. Ziegel und Thonwaaren Industrie in den Vereinigten 
Staaten. Halle, 1894 (6). 

Griffiths, H. H. Clay Glazes and Enamels. Indianapolis, 1895 (6). 

Hill, R. T. Clavs of the United States, U. S. Geol. Survev, Mineral 
Resources, 1891, p. 474 (a). 

Hofman and Demond. Tests on the Refractory Character of Fire- 
clays, Trans. Amer. Inst. Min. Eng., vol. XXIV, p. 42, 1895 (6). 
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Holmes, J. A. The Kaolin and Clay Deposits of North Carolina, 
Trans. Am. Inst. Min. Eng. XXV, p. 929, 1896 (a). 

Irelan, L. Pottery, 9th Ann. Kept. Cal. State Mineralogist, 
p. 240, 1890 (6). 

Johnson, W. D. Clays of California, 9th Ann. Report. Cal. State 
Mineralogist, p. 287, 1890 (a). 

Kerr, W. C. Geology of North Carolina, vol. I, 1875, pp. 296, 297. 

Ladd, G. Clays of St. Louis County, Mo., Bull. Mo. Geol. Surv. 
No. 3, 1890 (a). 

Langenbeek, K. Chemistry of Pottery. Easton, 1896 (b). 

Lesley, J. P. Kaolin Deposits of Delaware and Chester Counties, 
Pa., Ann. Kept. Pa. Geol. Survey, p. 571, 1885 (c). 

Loughridge, R. H. Clays of Jackson Purchase Region, Kentucky, 
Kentucky Geol. Surv., p. 77, 1888 (a). 

Meade, D. W. Manufacture of Paving Brick, Trans. Amer. Soc. 
Civ. Eng., vol. XXIV, p. 553, 1893 (6). 

Orton, Edward, Jr. Clays and Clay-working Industries of Ohio, 
Ohio Geol. Survey, vol. VII, part I, p. 69, 1893 (b). 

Periodicals: 

Brick (monthly), Chicago, 111. 

Brickbuilder (monthly), Boston, Mass. 
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Clay-worker (monthly), Indianapolis, Ind. 

Paving and Municipal Engineering, Indianapolis, Ind. 

Thonindustrie Zeitung, Berlin, Germany. 

Topfer- und Ziegler-Zeitung, Berlin, Germany. 

Phillips, Wm. B. Eng. Min. Jour., XLII, p. 326; and Jour. Iron 
and Steel Industry, 1887, No. 1, p. 389 (c). 

Piatt, F. Test of Fire-Brick, Pa. Geol. Survey, Kept. M. M., p. 270, 
1879 (b). 

Ries, H. Clays of United States, Mineral Industry, 189-1:, vol. 

■ n (c). 

Ries, H. Clays of Hudson River Valley, 10th Ann. Rept. of N. Y. 
State Geologist, 1890 (c). 

Ries, H. Clay Industries of New York, Bull. N". Y. State Museum, 
vol. Ill, No. 12, 1895 (c). 

Ries, H. Technology of Clay-working Industry and Analyses of 
Clays of U. S., U. S. Geol. Surv., 16th Ann. Rept., pt. IV, p. 523 (6). 

Ries, H. Pottery Industry of United States, 17th Ann. Rept. U. S. 
Geol. Survey, pt. Ill, p. 842 (b). 
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vey, pt. Ill, p. 871 (a). 

Ries, H. Clays of Alabama, Bull. Ala. Geol. Survey, 1897 (a). 

Ries, H. The Clay-working Industry in 1896, 18th Ann. Rept 
U. S. Geol. Survey, pt. V, p. 1105, 1897 (c). 
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tive advantages. Trans. Amer. Inst. Min. Eng., XXVH. 
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Smock, J. C. Mining Clays in New Jersey, Trans. Amer. Inst 
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Wheeler, H. A. Clays of Missouri, Mo. Geol. Survey, vol. XI, 1896. 
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Kaolin, Syl va 58 

Troy G4 

uses of. North Carolina 68 

Wests Mill 62 

Webster 59 

Kaolinite, composition of 11, 12 

described I^ 

formation of 11 

origin of 11 

refractoriness of 15 

Kilns 08 

up-dnift »H 

continuous 9H 

Kirkpatrick's brickyard 115 

Langenbeck cited 59 

Lime, compounds of, in clays 20,21,32 

absorption of into clays 22 

as carbonate, effect on clay 21 

assilicate, 21 

as sulphate, " " " 21,22 

elTect on brick 21 

in North Carolina clays 23 

Limonite, a frequent impurity in clays. . 18, 19 

Lincoln county, pottery industry in 77 

Lincolnton, pottery industry near 77 

Lithia in clays 16 

Luca;, brickyards of 137 

Macon county, kaolin in 62 

Magnesia, origin of, in clay 28 

in clays 23 

in North Carolina clays 23 

Magnesium carbonate 23 

oxide in clay, determination of .28 

sulphate 23 

Manufacture of brick 92 

of stoneware 73 

of sewer-pipe and tiles 86 

of paving-brick 139, 140 

Martin county, brick-clay in 122 

Mc Dowell, Manly, pottery clay 75 

Measurement of temperature 38 

Mecklenburg county, brick-clay in 122 

Methods employed in making clay analy8es.27 

Methods of brick manufacture 94 

soft-mud process 94 

stiff-mud process 96 

semi-dry press 94, 101 

dry-press 99 

Mineral impurities in clay 15 

Mining of kaolin 53 

Moisture in clays 26 

hygroscopic 26 

chemically combined 26 

determination of 27 

Moldingbrick 94,95,97,101 

Monroe, brick- clays near 129 

Montgomery county, kaolin in 64 

Morganton, pottery Industry near 75 

brick-clays near 107 

Mount Holly, brick-clays near 1 13 

Non-fiuxing impurities in clay 23 

North Carolina clay-working industry, The. 48 

deposits of kaolin in 58 

pottery clays in 71 



North Carolina flre-claj'S and pipe-clays in.. 80 

pipe-claysin tt 

brick-clay depoBitB in MB 

clays, silica in Si 

Olschewsky quoted 84,140 

Organic matter in clays S 

effect of, on clay 35 

Origin of clays u 

Orton, E., Jr., cited 84,140 

O.Yides in clay i^\$ 

Oxygen, a weathering agent 12 

Paving brick, manufacture of 139, 140, 141 

analysis of clay for 139 

character of clay requisite for 

130 

kilns for 140,141 

Penitentiary yard, Raleigh, brick-clay at .130 

Penniman, clay bank, near Emma 104 

Percentage of iron admissible in clay SO 

in N. C. kaolins 30 

Physical properties of clay 33, 42 

Pipe-clays in North Carolina .86 

analysesof 89,90 

methods of manufacture. .86. 87, 88 

in Guilford county 88 

Pomona Terra Cotta Go's works, 88 

requirements of 86 

tensile strength of .....66 

Plasticity in clays 34 

in kaolinite increased by grind- 
ing 15 

effect of organic matter on SS 

Poe & Bros, yard 110 

Pomona Terra Cotta Co 83,88 

Sewer-pipe and Brick Co 86 

Potash in clay 11, 15,16,18 

Pottery clays in North Carolina 71 

Pottery clay, requisites of 72 

analyses of 75, 76, 77, 78, 79 

Burke county 75 

Blackburn 76 

Catawba county 76 

Cowles, Calvin 79 

Lincoln county 77 

near Lincolnton 77 

Rhodes,T 77 

Wilkes county 78 

Wilkes boro 78 

Pottery industr}'. The 71 

in Burke county 75 

at Blackburn 76 

in Catawba county ■ .76 

in Lincoln county 77 

near Lincolnton ...77 

near Morganton 76 

in Wilkes county 78 

in Wilkesboro 78 

Powhatan Clay Mfg. Co 81,88 

Preparation of clay for bricks 04, 96,100 

fire-clay 80,81 

kaolin 54.55,56,57,58 

pipe-clay 86 

pottery-clay 7t 

clay for paving-brloks 140 
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Pressed brick 49 

Properties of kaolin 61 

Prospect Hall clays 102,103,104 

Pyramids, 8eger*s 88 

Pyriteinclay 18,19 

Pyrometers 38 

Thermo-electric, The 88 

Soger's pyramids 38 

Purity of clay depends on 12 

Haleigb. brick clays near 130 

Rational analysis of clay, The 30 

method of making 29 

practical bearing of 31 

Refractoriness of clay 37 

Requisites of a brick-clay 93 

flre-clay 80 

pipe-clay 86 

Red Springs, brick-clay, near 126 

Residual clays 12,44,92 

composition of 45 

Impurities in 12 

Residue, Insoluble, determination of 28 

Rhodes property, pottery clay 77 

Richmond county, kaolin in 65 

brick-clay in 125 

Roanoke Rapids, brick-clay near 1 16 

Rockingham, brick-clay near 125 

kaolin near 65 

Roberdell, brick-clay at 125 

Robesoncoui.ty, brick-clay in 126 

Rowan county, brick-clay in 127 

Salisbury, brick-clay near 127 

Sand, effect of. on brick-clays 93 

Sassamon's brickyard 123 

Sedimentary clays 46,92 

Seger, quoted 20, 22. 52 

Seger^s pyramids 38 

fusion temp- raturcs of 39, 40, 41 

Semi-dry-preM process 04, 101 

Sewer-pipe 86 

method of manufacture. .. ^6. K7, 

88,91 

Pomona Terra Cotta Co 88 

Shales, used as clays 12, 13 

metamorphism of 13 

Shrinkage of clays 35,36 

Sbute's clay-bank 129, 130 

Shuman^d deposit 134 

Silica, determination of in clays 27 

in clays 24 

effects of on clays 24 ' 

Silicates, in clay H i 

of iron in clay 18, 19 

Slaking of clays 42 

Smoak^syard i;u 

Soflainclay 15,16,17 

Soft-mud process 94 

tempering the clay 94 

molding the brick 95 



Soft-mud burning 95 

Spout Springs, brick-clay near 119 

Springer clay-pit 61 

Stiff-mud process *. . . 96 

tempering the clay 96 

molding 97 

burning 98 

Stoneware manufacture 73, 74, 75 

Sulphur in clay, determination of 29 

Sulphates as a source of iron in clays. . . . 18, 19 
Sulphides" ** " " .»»*•» _ jg jg 

Sulphuric acid in clays 16 

Surry county, brick-clay in 128 

Sylva, brick-clay near . 121 

Table of variations in clay substance 62 

Taste of clays 43 

Temperature at which clay fuses 37 

measurement of 38 

Tempering clay, soft-mud process 94 

stiff-mud " 96 

Tensile strength of clays ...84 

Terra-cotta ware 88 

Company, Pomona 88 

Texture of clays 42 

Thermo-electric pyrometer. The 88 

Tiles, manufacture of 86 

Titanium in clay 24 

asa tlux 25 

Titanic oxide, determination of 29 

Union county, brick-clay in 129 

Uses of North Carolina kaolin 68 

Variations in clay 13,14 

Variation in clay substance, etc., table 

showing 52 

Viscosity of clay 36 

Vit rificAtion of clay 36 

Wake county, brick-clays in 130 

Water in clays 26 

absorption of, by clays 42 

hygroscopic 26 

combined 26 

"Watson's brickyard — 115 

Wayne county, brick-clays in 131 

Weathering of feldspar 12 

>Vebster, kaolin near 59 

Weil & Uros. brickyard 133 

"Weldon, brick-clays near 119 

Wests Mill, kaolin near 62 

Wheelercited 34,37,139 

Whltted, William, clay on land of 102 

Wilson county clays 136 

brick-days in 136 

Wilson, brick-clays near 136 

Wilkes county *» " in 134 

pottery industry In 78 

Wllkesboro, pottery industry near 78 

brick-clays near 134 

Williamston 122 
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